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ERHAPS the title chosen is somewhat presumptuous since so little is 

known of the basic mechanisms responsible for allergy responses. However, 
I cannot help but feel that many of the underlying causes of hypersensitivity 
reactions in man are intimately associated with phenomena of immunity and 
that an immunochemical approach to the problem of allergy is of fundamental 
importance. This view is held not only by immunologists, but also by many 
allergists who, as a group, are more interested in and have a better understand- 
ing of fundamental immunology than most other medical groups. In the fol- 
lowing presentation I will consider first some of the more or less accepted aspects 
of immunochemistry and then proceed to a discussion of the possible significance 
of these aspects to allergy. Obviously the projection of immunochemical data 
to allergic reactions in man must be made with considerable caution, since the 
immunochemist has limited himself almost entirely to laboratory animals, but 
the knowledge that has been obtained will permit certain first approximations 
and furnish a starting point for discussion and future research. 

Since inmunochemistry is essentially a study of antigen-antibody reactions, 
we are immediately confronted with the problem of defining these two reactants 
which often leads to abstractly expressing one in terms of the other. In fact, no 
clear concise definition is possible for either at the present time, so that it be- 
comes necessary to describe the properties of each to the point where a general 
concept is developed. Originally the term antigen was used to designate those 
substanees which had the ability to stimulate antibody formation, but the mean- 
ing has been broadened until now it is used to designate any immunologically 
active substance. We, therefore, have two categories of antigens: the complete 
or functional antigens which have the power of inciting antibody formation, and 
the incomplete or haptenie antigens which do not have this power but which 
will react specifically with antibodies. 

Functional antigenicity is not explicable in terms of chemical or physical 
properties, although one might suppose that it would be possible to prepare such 
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a list and thereby be able to discover ‘antigens without recourse to animal ex- 
perimentation. In the first place, one must consider that antigenicity is rela- 
tive to the animal which is being injected and an animal will not form antibodies 
against its own normal proteins or even against some of the proteins of closely 
related species. Furthermore, the antibody response varies from one species 
of animal to another, and it is well known that rats and guinea pigs are poor pro- 
ducers of precipitins as contrasted with such animals as rabbits and horses. This 
also brings up the question of the method of testing for antigenicity since one 
method may fail entirely while another method would indicate a high degree 
of antigenicity as, for example, the use of the precipitin reaction in compari- 
son with anaphylaxis tests in the guinea pig. However, out of the mass of ex- 
perimental observations there emerges a few properties which are fairly charac- 
teristic of functional antigens.. For example, it appears that the minimal 
molecular weight is around 10,000, and there is some evidence that antigenicity 
may be roughly proportional to molecular weight. Although Landsteiner and 
others have succeeded in sensitizing guinea pigs to very simple organic com- 
pounds such as pieryl chloride, it is entirely probable that these substances first 
combined with the animal’s own proteins to form an antigenic complex. One can 
also state that, in general, functional antigens are proteins, but there is now no 
doubt that at least a few of the polysaccharides can also incite antibody forma- 
tion. For example, this is true of the polysaccharides of certain parasitic 
helminths and the pneumococcus capsular polysaccharides. A third property 
which is usually mentioned, but which certainly needs further investigation, 
is that functional antigenicity is contingent upon digestibility. 

The incomplete or haptenie antigens are also difficult to characterize clearly 
since they could theoretically have practically any chemical composition or struc- 
ture. Although such substances will not stimulate antibody formation when 
injected alone, it is possible to obtain antibodies specific for the hapten by the 
injection of a hapten-protein conjugate, where the protein carrier may be de- 
rived from almost any source, including the protein from the animal, to be 
used for immunization. Once such antibodies are formed, all of the classical 
antigen-antibody reactions can be obtained with a simple homologous haptenie 
antigen, providing the molecule of antigen has at least two haptenie groups in its _ 
structure. Thus, antibodies obtained by the injection of p-arsanie-phenyl-azo- 
ovalbumin will give all of the serologic and hypersensitive reactions when tested 
with a simple dye antigen containing two arsanilic acid groups (a divalent 
antigen) such as the following compound : 


OH 
H.O,As < > NN N:N < > AsO;H, 


If only one arsanilie acid group is present (a monovalent antigen), the antigen 
combines with the antibody but no visible reaction takes place. This combina- 
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tion can be detected only when the subsequent addition of an antigen of known 
reactivity fails to give a reaction. Thus, we have a type of simple molecular 
structure which is referred to as an inhibiting antigen. 

Needless to say, these concepts of the three different types of antigenie sub- 
stances are important to the allergist since he is constantly dealing with them, 
either as excitants of allergic responses or the induction of a state of hyper- 
sensitivity, and the molecular structure becomes of great importance. 

The characterization of classical antibodies is now relatively simple. Thus 
antibody is limited not only chemically to serum proteins, but also physically 
to a particular type having a characteristic surface charge. Although anti- 
bodies have been isolated in highly purified form, very little study has been 
made of their chemical composition and structure. In fact, the characteriza- 
tion of antibodies is based almost entirely upon their physical properties. Thus, 
when an electrical current is passed through a sample of serum it can be seen 
after a suitable interval that the protein components migrate toward the elec- 
trodes at different velocities, and under proper conditions four different com- 
ponents can be detected (1 albumin and 8 globulins, a, 8, y). Antibodies, regard- 
less of their other properties, are always found in, or closely associated with, 
the slowest moving fraction which is usually referred to as the gamma globulin. 
This gamma component is usually increased during immunization and reduced 
if the antibody is removed from immune serum by precipitation with homologous 
antigen. Furthermore, certain techniques permit the isolation of any single 
component of the serum which leaves no doubt as to the association of anti- 
body with the gamma component. The next most common property of anti- 
bodies is their molecular weight, which falls into two general classes: 160,000 
or 1,000,000. Most of the molecular weight studies of the antibodies of human 
beings have given values of 160,000, although some recent investigations indi- 
cate that a heavy component has been isolated which contains not only anti- 
bodies against a variety of antigens, but also a considerable proportion of the 
hemagglutinins. It has been known for considerable time that horses produce 
two such molecular weight classes of antibodies: a heavy component (1,000,000) 
which is produced in response to injection of a suspension of pneumococcus 
cells and a light component (160,000) which is produced in response to injection 
of a soluble toxoid antigen. 

The most characteristic property of antigens and antibodies is their specific 
affinity for each other. Thanks to the efforts of Landsteiner and many others 
we now have a fairly clear picture of the basis for this immunological specificity, 
at least as far as antigenic structure is concerned. We know, for example, that 
when a protein is modified by treatment with nitrie acid, which introduces 
nitro groups into the protein molecule, that antibodies formed against this anti- 
gen will react with any protein that has undergone similar modification or even 
with simple chemical substances containing nitro groups. We also know that 
there is a limit to the size of the group which is involved in the determination 
of specificity. For example, when the following dihaptenic group 
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is attached to a protein, antibodies are formed either against the arsonilic acid 
group or against the suecinaniliec acid group, but not against both simul- 
taneously, and when simple polypeptides are attached to a protein, most of the 
specificity is conferred by the terminal or distal amino acid. It is apparent, 
therefore, that the area of an antigen which is involved as a determinant is rela- 
tively small, which, of course, suggests that the area of the combining site on 
the antibody molecule must also be relatively small. Regardless of the fact 
that the size of the antigenic determinant may be relatively small, the specificity 
is easily changed by very small rearrangements of the various atoms in the 
structure. In fact, the spatial configuration seems to be the important factor 
in determining specificity so that cross reactions will be obtained between struc- 
tures having similar spatial structures. (The degree of cross reaction will de- 
pend upon the similarity of the structures involved.) It becomes apparent then 
that cross reactions between antigens which may be chemically different is 
brought about by the presence of relatively small chemically identical or simi- 
lar groups. When complex mixtures are used as antigens, such as extracts of 
animal or plant tissues, all degrees of cross reactions may be expected; in fact, 
one wonders why more cross reactions are not observed in immunologic re- 
actions. The actual number of specific groups which must be present on an 
antigen molecule before it can be detected by the formation of specific anti- 
bodies is not definitely known. However, using the formation of precipitins 
in rabbits, it has been found that at least ten groups of arsonilic acid per mole- 
cule of protein are necessary for precipitation but that an average of only one 
arsanilie acid group per molecule of protein is necessary in order to produce 
antibodies against arsanilic acid. It is possible, of course, that the valence 
of the antigen which is necessary for the production of hypersensitive reactions 
may be much lower and that antigen-antibody reactions which do not result in 
precipitation may still produce a hypersensitivity reaction. There have been 
reports of anaphylaxis with a simple univalent antigen. The amount of anti- 
gen and antibody which is necessary to bring about observable reactions de- 
pends upon the character of the two reactants. Thus, there may be more than 
a thousandfold difference in the amount of various substances required to pro- 
duce a detectable amount of precipitin in rabbit serum or a hypersensitive state 
in guinea pigs. This variation probably depends, (1) upon the actual stimu- 
lation of antibody formation, (2) upon the degree or intensity of the antigen- 
antibody reaction, and (3) upon the method used for detection of the reaction. 
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Approximately 0.002 Gm. of either rabbit or guinea pig antibody protein is 
sufficient to sensitize normal guinea pigs passively to a state of hypersensitivity 
which will give fatal anaphylactic shock. Although not much is known of the 
quantities of reagin in the circulation or amounts necessary to produce local 
or general allergic reactions, it may be assumed that they will be small. 

It is generally agreed that the native antigens are multivalent, although 
there is still some argument as to the number of combining sites on the antibody 
molecule, which brings up the interesting question of the possible heterogeneity 
of antibodies. It is becoming increasingly evident from theoretic considerations 
that an immune serum to a chemically pure antigen should contain a variety 
of antibodies to this antigen, and it is an experimental fact that antibodies 
do not have the same reaction capacity. For example, Loveless has shown that 
apparently reagin has some of the properties of classical antibodies, but it is 
well known that in many respects it is very different, and Miller and myself 
have suggested that the failure of reagin to give serologic reactions is due to the 
univalence of the reagin molecule. Another anomalous type of antibody is the 
so-called Rh ‘‘blocking’’ antibody. 


‘Se 


Fig. 1.—Schematie representation of possible antibody molecules in a simple antiserum, illustrat- 
ing heterogeneity with respect to valence, specificity, and combining strength. 


One can easily conceive of two types of heterogeneity: that which involves 
the number of combining sites on the antibody molecule and that which has to 
do with specificity (the specific portion of the antigen molecule toward which 
the antibody combining site is directed). Fig. 1 gives a diagrammatic repre- 
sentation of a condition in which two specificities are involved, A and B, and an 
antibody molecule having either one or two valences. Whereas there is some 
evidence that univalent antibody molecules are present in immune or hyper- 
sensitive serums, there is no good evidence at present that a single antibody mole- 
cule will contain combining sites for more than a single type of specificity. 
A third type of heterogeneity is also shown in Fig. 1 as A’, which attempts 
to show a situation where the specificity is similar to A, but the reaction with A 
will be weak due to a lack of precise fit. Another type of heterogeneity, which 


‘ 

a 

} 
: 

4 


156 THE JOURNAL OF ALLERGY 


is also conceptional, but which seems logical from the previous discussion of the 
basis of specificity of antigen, is diagrammatically represented in Fig. 2. There 
is no reason to suppose that antibodies will be produced to only one portion of 
an antigen molecule so that antiserum will contain a whole ‘‘speectrum”’ of anti- 
body specificities of which only a fraction of the antibodies will have specificities 
directed against any given part of the antigen. Thus an immune serum pre- 
pared against arsanilic-azo-protein will contain antibodies against both the 
arsanilie acid group and against the carrier. Obviously, antibody configurations 
directed against HT will react very little, if at all, with the protein carrier, C, 
and portions which are directed against small areas of both the hapten and 
the carrier, C-H, will react only weakly with either. It can be shown experi- 
mentally by precipitin reactions that antibodies have different combining 
strengths for a given antigenic structure, but it is often difficult to distinguish 
between ‘‘weak’’ antibodies and univalent antibodies. 


Fig. 2.—Diagram representing heterogeneity with respect to homology. There is shown a 
portion of the surface of a conjugated protein antigen consisting of hapten, H, and adjacent 
regions of the carrier, C1 and C2, on opposite portions of the hapten. Of the large number of 
possible combining sites which may be considered to fall in a continuous series with respect to 
their homology, there are shown only five, of which one, anti-H, is directed solely against the 
hapten, two, anti-C, and anti-C2, are directed solely against the carrier, and two, anti-(C + H) 
posse anti-(H + C2), are directed against adjacent portions of the carrier and hapten simultane- 
ously. 


With these observations in mind let us consider briefly some of the estab- 
lished as well as theoretic aspects of antibody formation. First, since anti- 
bodies are protein, it is often assumed that they must be formed in sites where 
other serum proteins are formed. However, the possibility arises that the anti- 
body configuration is not imposed during the early synthesis of the protein 
molecule but rather during a later stage of formation of the final globulin struc- 
ture. There is evidence that many proteins may be constructed from relatively 
large ‘‘building blocks’’ of polypeptides. It may also be that the site of forma- 
tion may vary with the antigen and that localization of antigens may result in 
antibody formation under conditions which do not result in an antibody strue- 
ture similar to that which is produced in some other site or condition. An- 
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other consideration is that of specificity. Briefly, three theories have been pro- 
posed to account for the role of the antigen in determining the specificity of 
the antibody. One theory assumes that the antibody globulin is a new protein 
and that the antigen determines the manner and order in which the amino acids 
are incorporated into the polypeptide chain. A second theory assumes that the 
order of amino acids and chemical composition is the same in all globulins but 
that the folding of the polypeptide chain to form the final configuration is in- 
fluenced by the antigen which acts as a pattern or template so that a mirror 
image will be impressed upon the surface of the final globulin. Both of the fore- 
going theories require the presence of antigen and assume that antigen directly 
influences the globulin configuration. In order to explain the apparent per- 
sistence of antibody formation long after no antigen can be detected in an an- 
imal, a third theory has been proposed which suggests that the antigenic pat- 
tern is impressed on the enzyme system responsible for the synthesis of globulin. 
It is of interest to note again the idea that an antigen must be digestible in order 
to induce antibody formation. If this is true, antigenic molecules may be ‘‘frag- 
mented’’ by digestion and each fragment then behaves as a functional antigen, 
providing it is in suitable environment. Thus, apparent nonantibody gamma 
globulin, which is increased along with antibody (precipitating) globulin during 
immunization, is actually antibody directed against a portion of the antigen 
molecule, but which in the native protein used for test antigen is not exposed to 
the antibody. Such antigenic fragments might also be relatively resistant to 
further digestion and difficult to detect chemically. Fragmentation might also 
account for the peculiar reactions sometimes encountered in food allergies, when 
skin tests to an intact protein antigen is negative and symptoms are obtained only 
after ingestion of the food and sufficient time has elapsed to allow for partial 
digestion and absorption. Obviously, until more is known about the formation 
and structure of serum proteins, ideas of antibody formation must remain in the 
realm of speculation. 

One of the most important immunochemical problems and one which is of 
particular interest to the allergist is the chemical and physiologic effects of 
antigen-antibody reactions. Since the two reactants may be separated and re- 
covered in an unchanged condition, we know that, in the test tube at least, no 
marked permanent chemical or physical change occurs and when antigen and 
antibody (or reagin) are combined and injected either intravenously or into 
the skin, that no systemic or local reaction occurs. Regardless of which is 
injected first, several hours must elapse before injection of the second reagent 
will elicit a physiologic response. Aside from the lysis of cells (and only a 
very few are susceptible to lysis), immunity reactions are often explained on the 
basis of increased phagocytosis because, in general, if antibody does not lyse a 
bacterium it is apparently unharmed and will grow and multiply when inocu- 
lated into suitable media. However, if the antigen is a part of a cell structure 
(for example, an erythrocyte), the intrinsic integrity of the membrane is 
changed and if complement is present, lysis may occur. The lysis of cells is 
about the only evidence we have that some change must occur in either the 
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antigen or antibody, or perhaps both, when they combine. It is generally as- 
sumed that time is required for suitable absorption by cells and that hyper- 
sensitivity reactions are initiated by antigen-antibody reactions at cell sur- 
faces. The question then arises as to the sequence of reactions which follow the 
initial combination. The fact that an antigen-antibody reaction results in a 
change of the cell membrane in lytic reactions suggests that some very subtle 
alteration may take place in cell surfaces, even if lysis or death of the cell is 
not evident. Such possible effects as reorientation of molecules or redistribution 
of charges have been given little study by immunologists and cellular physi- 
ologists but might yield very significant clues as to the mechanisms of hyper- 
sensitive reactions. For example, it is conceivable that changes occur in the 
permeability of cells or that potentials are produced by certain cells, particu- 
larly if a reaction takes place at a nerve cell surface. This, of course, brings 
up the question as to whether an antigen-antibody reaction is directly responsible 
for hypersensitive reactions or merely initiates a chain of reactions which finally 
produces the allergic response. Regardless of the mass of experimental work 
that has been directed toward placing the final responsibility upon histamine, 
there is still only very indirect evidence that histamine is the important agent 
in shock reactions. The so-called antihistaminie drugs produce a variety of com- 
plicated physiologic responses and, although they are valuable in the treatment 
of certain allergies and experimentally reduce histamine effects, there is not 
sufficient evidence to place histamine in such a fundamental role. There are, 
of course, many drugs and physical agents which cause smooth muscle contraec- 
tion and also a variety of substances which will prevent the contraction of 
smooth muscle. These reactions and effects should be considered from a quan- 
titative as well as qualitative viewpoint. 

I should like to point out the possibility of the role of nerve excitation in 
allergic responses. For example, certain types of hypersensitive responses, 
such as skin tests, anaphylactic shock, and particularly the contraction of a 
strip of intestine from a sensitized guinea pig, are known to take place very 
rapidly. In the case of the guinea pig intestine the contraction occurs almost 
instantly, in spite of the fact that the smooth muscle is surrounded by a mem- 
brane which is essentially impermeable to the test antigen. Under such con- 
ditions the antigen probably never reaches the smooth muscle although econtrac- 
tion is not only produced, but it can be shown that desensitization has occurred. 
It is also possible to show that an isolated smooth muscle strip from an animal 
which has been sensitized to a large number of antigens will respond to the 
successive addition of each respective antigen. The strips not only respond 
specifically to each antigen, but also desensitize specifically to each, and the 
mechanism will show no signs of nonspecific desensitization or fatigue as long 
as good physiologic conditions are maintained. Thus, one is faced with ex- 
plaining either the presence of a relatively large amount of humoral material, 
of which only a small amount is released with each specific antigen-antibody re- 
action and which is quickly dissipated, or devising some other mechanism. It 
seems to me that the possibility of a purely neurogenic mechanism should be 
more seriously considered. 
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Perhaps this paper is too brief to give an adequate foundation for any im- 
munochemical concept of hypersensitivity, but an attempt has been made to give 
some of the current chemical concepts of serologically active antibodies and 
antigens and to offer some speculations on their formation, structure, and 
reactions. I feel that an immunologie approach to the problem of hypersensi- 
tivity is of great importance and, although some allergic manifestations may 
have other mechanisms, many such reactions indicate a close relationship to 
fundamental immunologie phenomena. 
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THE THERMOLABILITY OF ARTIFICIALLY STIMULATED HUMAN 
ANTIBODIES.* 


WILLIAM B. SHERMAN, M.D., Roperr A. Cooke, M.D., SEYMour CREPEA, 
M.D., anp Linuran M. Downtna, B.A., New York, N. Y. 


SIDE from lysis, which depends upon the presence of thermolabile comple- 
A ment, the principal properties of antisera produced in animals by injection 
of antigens such as antitoxic, precipitating, agglutinating, and sensitizing 
activities are relatively stable at 56° C. and are inactivated only by degrees of 
heat which denature serum proteins.’ On the other hand, as shown by Coca and 
Grove,” the sensitizing activity of the sera of naturally allergic men is markedly 
decreased by heating at 56° C. for one-half hour. More detailed studies by 
Loveless* and otherst have shown that such activity is completely destroyed in 
four to five hours at 56° e. This thermolability has been considered one of the 
chief differences between the naturally occuring skin-sensitizing antibody (or 
reagin) and the anaphylactic antibody artifically produced in’ experimental 
animals.’ On the basis of its thermolability, as well as lack of precipitin activity, 
the antibody of Asearis-sensitive persons has been classed as a reagin although 
it fits poorly into the classification since it could be produced in normal indi- 
viduals without the hereditary background of allergy.” ° 

During the past few years, we have studied the sera of three patients in 
whom specific sensitization was induced by the use of medicinal agents: in two 
subjects tetanus toxoid® was used and in one, sulfadiazine.’ Although these sensi- 
tizations had been artifically produced, the reactions of the sera resembled those 
of naturally sensitized patients rather than those of experimentally sensitized 
animals. They all contained skin-sensitizing antibodies, which were destroyed 
by heating four hours at 56° (., and did not passively sensitize guinea pigs or 
show precipitin activity. For a closer comparison with sera of artifically sensi- 
tized animals, it was of interest to study the thermolability of the sera of pa- 
tients artificially sensitized by. the therapeutic use of horse serum, since these 
antisera not only sensitize human skin, but also passively sensitize guinea pigs 
and show precipitin activity. 


Material—Three_ previously nonallergic patients who developed typical 
serum sickness after prophylactic doses of tetanus antitoxin were studied. From 
each patient, one sample of serum was taken during the acute serum sickness 
and one or two subsequent samples at intervals of one week. For comparison 
with the human sera, samples of serum were obtained from rabbits sensitized 
by intravenous injections ‘of horse serum or by intramuscular injections of 
alum-precipitated horse serum. The number and size of sensitizing doses varied 


*From The Division of Allergy, The Roosevelt Hospital. 
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in different rabbits, but the antibody activity of their sera was comparable to 
that of the human sera. Thermolability of the antibodies was tested by heat- 
ing the antisera for four hours in a water bath at 56° C. 


Passive Sensitization of Human Skin.—Passive sensitization of normal 
human skin was demonstrated on nonallergie subjects by making sites with 0.1 
ec. portions of serial dilutions of the human and rabbit antisera and testing 
the sites two days later with horse serum 1:10. The sera from the human pa- 
tients sensitized normal skin in dilutions of 1:10 to 1:100. Three of the rabbit 
sera showed comparable activity in sensitizing human skin. After heating four 
hours at 56° C., the skin-sensitizing activity of the human sera was completely 
destroyed, while that of the rabbit sera was not appreciably decreased. 
(Table I.) 


TABLE I.) Errect oF HEATING Four Hours at 56° C. ON SKIN-SENSITIZING ACTIVITY OF 
HUMAN AND RABBIT ANTIHORSE SERA 


UNHEATED | HEATED 
cone. | 1:10 | 1:100 | 1:1000 | cone. | 1:10 | 1:100 | 1:1000 

Tluman sera 

B-1 +++4 ++4 ++ 0 0 0 0 0 

B-2 +++ ++ 0 0 0 0 

M-1 ++++ +++ ++ 0 0 0 0 

M-2 +++4 ++4 ++ 0 0 0 

M-3 : + 0) 0 0 0 

S-1 ++ + 0 0 0 0 

S-2 ++ 2 0) 0 0) 0 
Rabbit sera 

51 +44 +++ ++ 0 +++ +++ ++ 0 

16 ++ + + 0 ++ + + 0 

4 +4 + + + + = 0 


Passive Sensitization of Guinea Pigs.—Two eubie centimeters of each anti- 
serum (human and rabbit) were injected into the abdomen of a virgin female 
guinea pig, and one day later a Dale test was performed on the isolated uterine 
muscle using normal horse serum as the antigen. All of the seven human anti- 
sera produced sensitization, as did all of six samples of rabbit antiserum tested. 
After heating, none of the human sera produced sensitization, while four of the 
six rabbit antisera gave a positive reaction. (Table IT.) 


Precipitin Tests——Precipitin tests were carried out by mixing 0.2 
samples of the human and rabbit antisera with serial dilutions of horse serum, 
incubating two hours at 56° C., and taking a reading after twenty-four hours 
at 7° ©. The seven samples of human antiserum showed precipitation with 
horse serum in dilutions of 1:2000 to 1:10,000. Four rabbit antisera showed 
titers of 1:1000 to 1:3000. After heating four hours at 56° C., six of the seven 
human antisera had no precipitin activity and one serum which had shown 
previously a titer of 1:10,000 showed a titer of 1:20 after heating. All of the 
rabbit sera remained active after heating; the titers were unchanged or only 
slightly reduced. (Table ITT.) 
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TaBLE II. Errect or HEATING Four Hours at 56° C. ON THE ACTIVITY OF HUMAN AND 


RABBIT ANTIHORSE SERA IN SENSITIZING GUINEA PIgs 


WITH 


“DALE TEST 
UNHEATED 


SERUM 


DALE TEST WITH SERUM HEATED 
FOUR HOURS AT 56° Cc. 


Iluman sera 


B-1 
B-2 
M-1 
M-2 
M-3 
S-1 

S-2 


Rabbit sera 


+ootrtt 


TABLE III. 


EFrEct or HEATING Four Hours at 56° C. ON THE PRECIPITIN TITERS OF 
HUMAN AND RABBIT ANTIHORSE SERA 


TITER OF 


UNHEATED SERUM 


TITER OF SERUM HEATED 
FOUR HOURS AT 56° C. 


Human sera 


B-1 
B-2 
M-1 
M-2 
M-3 
S-1 

8-2 


Rabbit sera 


69 
17 
20 
a7 


1:5000 
1:10,000 
1:10,000 
1:5000 
1:2000 
1:5000 
1:5000 


1:3000 
1:3000 
1:1000 
1:2000 


TABLE LV. 


FAILURE OF HEATED HUMAN ANTIHORSE SERUM TO BLOCK THE REACTION OF HORSE 


SERUM IN SKIN SITES EACH SENSITIZED WITH 0.1 ¢.c. OF HORSE-SENSITIVE 
HUMAN SERUM 


SITE TEST MIXTURES | REACTION 
1 Serum M-3 1:10 + Horse serum 1:10 +++ 
2 Serum M-3 1:10 + Horse serum 1:100 cae 
3 Serum M-3 1:10 + Horse serum 1:1000 ah 
4 Serum M-3 1:10 + Horse serum 1:10,000 + 
5 Normal serum 1:10 + Horse serum 1:10 +++ 
6 Normal serum 1:10 + Horse serum 1:100 ++ 
4 Normal serum 1:10 + Horse serum 1:1000 + 
8 Normal serum 1:10 + Horse serum 1:10,000 + 


x 
162 
= 
0 
0 
0 
0 
: 0 
‘ 0 
0 
69 
: 20 
57 
6 
25 
: 0 
0 
1:20 
0 
: 0 
0 
1:3000 
1:1000 
1:1000 
1:500 
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Blocking Antibody Studies—Four of the heated human antisera (B-1, B-2, 
M-2, and M-3) which no longer showed precipitin activity, were tested for 
blocking activity. Portions of each antiserum were mixed with equal amounts 
of serial dilutions of horse serum and corresponding control mixtures made 
with heated normal human serum. <All mixtures were kept at 7° C. for two 
days or more. In one instance the mixtures were used for intracutaneous tests 
on a patient sensitive to horse serum, and in three instances tested on sites in 
human skin passively sensitized with serum of a patient sensitive to horse serum. 
In one experiment, unheated serum from the same patient was used to sensi- 
tize the sites in order to insure sensitization to the same antigens in the horse 
serum for which blocking activity might be expected. In no instance was the 
reactivity of the horse serum decreased by the presence of heated antiserum. 
The results of one such experiment are shown in Table IV. 


DISCUSSION 


It was apparent that the antibodies produced in previously nonallergie pa- 
tients by the injection of horse serum were comparable to the antibodies of arti- 
ficially sensitized rabbits in precipitin activity and passive sensitization of 
guinea pigs and human skin; but in thermolability at 56° C. the antibodies 
resembled the skin-sensitizing antibodies of naturally allergic human patients 
rather than the corresponding antibodies of rabbits sensitized to horse serum. 
Inactivation by heating at 56° C. is apparently a species characteristic of a 
number of human antibodies rather than a peculiarity of the skin-sensitizing 
antibody (or reagin) of naturally allergic man. It is not to be considered a 
criterion for classifying a human antibody (such as the anti-Asearis antibody ) 
as a reagin. The precise relationship of the blocking antibody of treated hay 
fever patients to the precipitin is not revealed by this experiment but the two 
appear to differ in their thermostability. 

The difference in thermostability of the corresponding antibodies produced 
in man and in rabbits by the same antigen is not surprising. Marked differ- 
ences in the physical and chemical properties, including the moleeular weights 
of the antibodies produced by rabbits and horses after stimulation with the 
same antigen, have been demonstrated by a number of observers.® 


SUMMARY 
1. Sera:of three previously nonallergic patients who developed serum sick- 
hess after prophylactic tetanus antitoxin passively sensitized human skin and 
guinea pigs and precipitated with horse serum in high dilutions. 
2. All of these manifestations of antibody activity were destroyed by heat- 
ing the sera four hours at 56° C. 


3. Under the conditions of the experiment, the heated human antihorse sera 
did not inhibit the allergenic activity of horse serum in sensitized human skin. 


4. Corresponding antibodies of rabbits sensitized with horse serum were 
only slightly affected by this degree of heating. 


° 


: 
| 
we 4 
? 
A 


164 THE JOURNAL OF ALLERGY 


5. Thermolability at 56° C. appears. to be a common property of a number 


of human antibodies rather than a peculiar characteristic of the skin-sensitizing 
antibody (reagin) of naturally acquired human allergy. 
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GROWTH PATTERNS OF ALLERGIC CHILDREN 


A STATISTICAL Stupy Usine Grip TECHNIQUE* 
Mitton B. Couen, M.D., AND Lewis E. Abram, M.D., CLEVELAND, OHIO 


LINICAL allergy is familial in nature. Persons who develop it have an 

increased capacity to acquire sensitivity to substances in the environment 
and this capacity seems to be transmitted through some gene mechanism." * 
Are there other fundamental characteristics which distinguish allergie indivi- 
duals from the general population, and are such characteristics, if demonstrable, 
also a part of their hereditary patterns? Psychiatrists,’ for example, speak 
of the emotional patterns in asthma as ‘‘deep depéndence on a mother figure 
plus the fear of becoming estranged from her by somehow offending her.’’ This 
pattern might be inherited, but there is no-real evidence that it is not acquired 
as a result of the patient’s experiences during attacks of the disease. Similarly, 
on the physical side previous studies! have indicated that the allergic child 
is likely to be retarded, short for his age, and light for his height when compared 
with average standards for height and weight. This has been thought to be due 
to the effects of the disease on appetite or on some actual disturbance in the 
utilization of food associated with the disease. 

It is possible, however, that allergy oceurs in children who have physieal 
potentialities as regards body type and growth different from those of the non- 
allergic population, but until recently, there have been no satisfactory methods 
for studying these possibilities. The Grid technique described by Wetzel*: ° makes 
such a study possible. The use of the Grid is simple. The only data required 
are height and weight at various ages. Weight is first plotted against height in 
Panel A (Fig. 1a), giving the channel and developmental level; next, levels are 
plotted against age in Panel B. Successive plottings produce the curves P-Q 
in the channel system and R-S in Panel B. 

By means of this technique one thus determines various details of physical 
erowth and development. Among other things, one easily may distinguish (Fig. 
la) between (1) satisfactory and unsatisfactory growth (Fig. 1b), by noting 
whether or not a child is following the Grid patterns of direction and speed, and 
(2) between children of different body types by identifying their respective 
channels (Fig. 2). 

Children who are growing satisfactorily, no matter whether they are stocky, 
medium, or slender, do two things: (1), they follow their own particular channel 
vear after year and, in doing so, (2) they proceed at the rate of one level per 
month on the average so that their curves in Panel B (Auxodromes) will paral- 
lel a neighboring Grid standard. Grid records which do not meet these stand- 
ards are classified as unsatisfactory. 

*From the Asthma and Hay Fever Clinic. 

Read at the Fourth Annual Meeting of the American Academy of Allergy, St. Louis, Mo., 


Dee. 15-17, 1947. 
tAssisted by a grant from Parke, Davis & Co. 
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Fig. 2.—Grid records of children with satisfactory growth who are of different physique. Each 
follows his individual channel. 

As a result of the foregoing conditions which define satisfactory and un- 
satisfactory growth, we have been able to avoid the pitfalls of comparisons 
which take no account of such growth differences. Also, because the channel a 
child is traveling in actually measures and represents his physique or body 
type, we are able to evaluate the role of that constitutional factor simply by 
comparing channels in any given group. 

We studied the records of fifty-one boys and fifty-one girls who had been 
repeatedly examined in the Brush Foundation study of child development.* 
According to these records, none of the children showed signs of allergy when 
examined by their private physicians and none gave any past history of al- 
lergy. These 102 records form a control series, with which we wish to com- 
pare the records of ninety-four allergic boys and fifty-six allergic girls whose 
allergy has been managed in private practice. Each series was divided into two 


*Records accumulated during the Brush Foundation Study of the Growth and Development 
of the Well-Born Child have been given by the Foundation to the School of Medicine, Western 
Reserve University, and are available to qualified investigators. The committee in charge of 
these records granted the authors permission for their use but assumes no responsibility for the 
accuracy of the analysis or the validity of the conclusions drawn. 
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groups: those with satisfactory and those with unsatisfactory Grid records of 
growth. For the first portion of this study, we compared the channel distribu- 
tion of those children in each series who had satisfactory growth records as deter- 
mined by frequent observations. The results are shown in Table I, in which it 
is indicated that even in the absence of growth failure allergie children differ 
in their distribution from the controls and that especially boys tend to be dis- 
tributed in the B., B, body types; that is, among the constitutionally slender. 
This tendency is definite whether our patients be compared with nonallergic 
controls from the Brush series or with Wetzel’s standards comprising records of 
7,000 children. 


TABLE I, CHANNEL DISTRIBUTION OF ALLERGIC BOYS AND GIRLS WITH SATISFACTORY GRID 
RECORDS COMPARED WITH CONTROLS 


STOCKY | MEDIUM |_ SL ENDER | 
Ay + Ag Ao | AyBy | Be | 
PER PER PER PER | PER TOTAL 
CENT CENT CENT | EN T CENT | OBSERVATIONS 
Boys 
Brush 2.05 8.20 66.39 5.98 7.38 244 | X* = 78.67, 
Pp<.001 
Alan wo X? = 96.45, 
Allergy 4.78 13.48 30.00 O45 250 P<.001 
Wetzel standard 3.86 9.53 70.60 11.28 4.73 ee 
Girls 
Brush 11.5.) 18.14 30.44 10.18 9.73 996 § = 21.22, 
<.001 
Allergy 16.22 6.08 50.00 1216 15.54 148 | X* = 42.93, 
l Pp <.001 
Wetzel standard 11.10 55.84 15.71 9.84 


The numbers in each group and not the percentages were used for the computation of the 
X* (Chi square) tests. Comparisons are for the entire channel distribution. 


TABLE II. COMPARISON OF SATISFACTORY AND UNSATISFACTORY GRID RECORDS OF ALLERGIC 
CHILDREN WITH CONTROL BRUSH SERIES 


SATISFACTORY UNSATISFACTORY TOTALS 
Brush 81 21 102 
Allergy 100 50 150 
X? = 14.74 
P <.001 


Next we compared the control and allergic series to determine whether our 
clinical impression that allergy has a deleterious effect on growth could be sub- 
stantiated statistically. The results are given in Table II, and they demonstrate 
that the proportion of children with unsatisfactory growth records is more than 
one and one-half times as great among the allergic subjects as it is among the 
Brush controls. Active allergy, therefore, disturbs the growth of affected chil- 
dren as a group, even though they have had continuots management of their 
allergy under as good conditions as ean be obtained. 

The following cases illustrate growth failure in active allergy and its re- 
pair under antiallergic management. 
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Fig. 3.—Grid record of an allergic boy showing rapid_and severe growth failure during activity 
of the disease and rapid and almost complete recovery after its control. 
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Fig. 4.—Grid record of an allergic girl showing growth failure due to allergy and rapid recovery 
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CASE 1.—A boy 10 years, 7 months of age was first seen on Oct. 3, 1946, while having a 
severe attack of asthma which had been continuous for four weeks. He proved to be an 
environmental allergic child who responded well to house dust precautions and treatment with 
grass and ragweed pollens. Fig. 3 is the Grid record of this boy. It shows that he had been 
a stocky child who grew quite well until September, 1945 (segments 1-2 and A-B). During 
the next year and by October, 1946, he had lost more than four channels and twenty-nine 
developmental levels (segments 2-3 and B-C). Within a month after control of the attacks 
he regained twenty-two levels and three channels along the pattern marked by crosses. Dur- 
ing the next ten months, he continued to progress at twice the normal rate of development; 
that is, at about two levels rather than one level per month and reached points 4 and D, 
which represent almost complete recovery from severe growth failure. 


CASE 2.—A girl 11 years, 3 months of age had asthma dating back to 24% years of age. 
The attacks have been increasing in frequency and severity since the onset of summer 
symptoms at about 6 years of age. She has responded fairly well to antiallergic manage- 
ment. Fig. 4 is the Grid record of this girl. Points 7 and A were obtained from the school 
record at 6 years of age. Points 2 and B, obtained at the first visit on Sept. 24, 1946, show 
the extent of the growth failure between 6 and 11 years of age. Within two months on good 
management she regained several channels and seventeen developmental levels along the lines 
2-3 and B-C and within eight months had reached her expected channels and almost her 
expected level. The rate of development during these eight months of recovery from growth 
failure was approximately four and one-half times the normal of one level per month. 


CONCLUSIONS 


From 503 observations on 150 allergic children seen in private practice 
compared with 622 observations on 102 nonallergic controls studied by the Grid 
method, we draw the following conclusions: 

1. Allergy occurs more frequently in children (especially boys) who, by 
inheritance, are constitutionally slender. 

2. Active allergy is a common cause of growth failure. 

3. Control of active allergy is accompanied by a corresponding growth 
repair provided an adequate diet is available. 

4. The Wetzel Grid affords a simple, inexpensive, and reliable method of 
following growth and of detecting early growth failure. 


We wish to express our thanks to Dr. Norman C. Wetzel for his many helpful suggestions 
during the course of this work and for his aid in preparing the statistical data. 
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THE INDUCTION OF ASTHMALIKE ATTACKS IN SUBJECTS 
WITH ‘IDIOPATHIC’? ASTHMA*t 


FRANCIS C. LOWELL, M.D., AND IRVING W. SCHILLER, M.D., Boston, Mass. 


TTACKS indistinguishable from bronchial asthma have been produced in 
the laboratory or office by a number of means. These include the parenteral 
injection’? or the inhalation of aerosolized solutions of histamine and acetyl- 
beta-methyleholine (Mecholyl)* and exposure of the subject to an atmosphere 
purposely charged with allergenice substances either in a special room* or from 
a nebulizer... ° Regardless of the method used, asthmatic attacks have been 
induced only in those individuals who have or have had asthma. Detection of 
the induced attack has been facilitated by measurement of changes in the vital 
capacity and this has also provided a means of determining the intensity of the 
pulmonary reaction.’ *** Changes in the rate of expiration may also be ob- 
served in some instances if an ink tracing of the respiratory curve is recorded 
on a moving drum, as was done in these and earlier studies. 


MATERIALS AND METHODS 


The method used in this study was similar to that already deseribed,® 7 in 
which it was shown that reductions in vital capacity, with or without symptoms 
and signs of asthma, could be induced in asthmatic subjects with clinical sensi- 
tivity to certain allergens when extracts of such allergens were inhaled from 
a nebulizer. Furthermore, allergens;which did not appear to play a role in the 
production of asthmati¢ attacks likewise failed to cause a fall in vital capacity 
when inhaled, regardless of the degree of skin sensitivity present. Systemic 
reactions to the inhaled extracts did not occur and reductions of vital capacity 
were repeatedly observed in the absence of any evidence that a pulmonary re- 
action was taking place. 

Exposure was carried out as described previously® * by having the patient 
inhale two to ten times through the mouth from a No. 40 DeVilbiss nebulizer 
with oxygen flowing through it. Because of individual differences in the per- 
formance of the test, the degree of exposure probably varied from subject to 
subject. However, this appeared to be unimportant when compared with the 
readiness with which pulmonary reactions could be induced in certain subjects 
by inhalation of allergens to which they were sensitive. Individuals failing to 
show any reaction with five inhalations of an allergen likewise failed to react 
when the number of inhalations was doubled. 

Seven allergenic extracts were used: 3 per cent extracts of bireh, oak, 
timothy, and ragweed pollens, 5 per cent extracts of Alternaria,t Hormo- 
dendrum,{t and a commercial house dust preparation,$ in a final dilution of 


*From the Allergy Clinic of the Evans Memorial and Massachusetts Memorial Hospitals 
and the Department of Medicine, Boston University School of Medicine. 

+Read at the Fourth Annual Meeting of the American Academy of Allergy, St. Louis, Mo., 
Dec. 15-17, 1947. : 

tKindly supplied in buffered saline solution and 0.5 per cent phenol without glycerine by 
Abbott Laboratories, North Chicago, Il. 

§Endo Products, Inc., Richmond Hill, N. Y. 
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1:200. Histamine acid phosphate and acetyl-beta-methyleholine were admin- 
istered by aerosol in a concentration of from 10 to 50 mg. per milliliter. Cau- 
tion is necessary when using these agents for very intense asthmatic attacks may 
be induced in certain individuals. All solutions were made in buffered saline 
at pH 7.4 containing 0.5 per cent phenol. Every patient was tested one or 
more times with the phenolated saline alone and in no instance did this cause 
symptoms or a fall in vital capacity. Patients exhibiting a pulmonary reaction 
to an inhaled allergenic extract were not tested again until all evidence of the 
reaction had disappeared. In most instances, when a reaction occurred, further 
tests were postoponed to another day. 

The activity of the extracts was estimated by the results obtained with in- 
halation tests in clinically sensitive individuals, for the mere ability of the ex- 
tracts to produce skin reactions in suitable subjects was not considered a satis- 
factory criterion. Our experience with 134 tests in twenty-five subjects with 
the allergenic extracts mentioned has shown that all the extracts were capable 
of producing unequivocal pulmonary reactions in certain individuals. 

Four subjects presented characteristic features of ‘‘intrinsic’’> or ‘‘idio- 
pathic’? asthma: onset late inf life, nonseasonal occurrence of symptoms, absence 
of precipitating allergenic factors as determined by history, and the failure of 
the skin to react by skin test. Three patients did not fulfill all these require- 
ments but probable causes of asthma did not become apparent until these pa- 
tients had been observed for some time. Inhalation tests strongly indicated 
that allergic factors were among the causes of asthma in these patients. Choice 
of subjects was necessarily limited to those in whom asthma was intermittent 
so that the tests could be carried out at a time when asthma was not present. 
This imposed a serious limitation on the selection of patients exhibiting 
‘intrinsic’? asthma. Further limiting factors were the time required for testing 
and the necessity that the patient be cooperative. 


RESULTS 


«és 


Seven patients exhibiting some or all the features characterizing ‘‘intrinsie”’ 
or ‘‘idiopathic’’ asthma were selected. As may be seen in Table I, four of 
these subjects failed to show any pulmonary reaction to inhalation of the 
aerosolized allergenic extracts. Skin tests were entirely negative in these pa- 
tients. Sharp pulmonary reactions were readily elicited with aerosols contain- 
ing histamine or Mecholyl in the three subjects in whom this was attempted, 
indicating that the responsiveness of the respiratory tissue was similar to that in 
the ‘‘extrinsic’’* cases we have studied in which the subjects also showed marked 
pulmonary reactions to inhaled histamine and mecholvl. In these four sub- 
jects, asthma began at the age of 34 vears or later and no patient was under 
42 vears of age at the time of testing. 

One of the four patients who failed to react to inhalation of the seven al- 
lergens (G. T.) was a pigeon fancier. Repeated exposure to a loft containing 
200 pigeons was at first suspected as a cause of symptoms. However, skin tests 
with pigeon feather extract were negative and no reduction in vital capacity 
followed inhalation of a commercial feather extract. This was of questionable 
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significance for we likewise failed to produce any evidence of a pulmonary re- 
action in a second pigeon fancier, who was skin sensitive and had experienced 
repeated severe attacks of asthma while working in pigeon lofts. Exposure of 
both individuals simultaneously in the pigeon loft of G. T. with vital capacity 
measurements failed to reveal any pulmonary reaction in G. T. after fifteen min- 
utes; whereas, a severe asthmatic attack rapidly developed in the second sub- 
ject whose vital capacity fell from an initial value of 5,500 to 3,900 within a 
period of five minutes. In view of the readiness with which an attack was in- 
duced in a clinically sensitive subject, we concluded that patient G. T. was not 
sensitive to pigeon dander. However, under the conditions of testing, a low de- 
gree of sensitivity in G. T. could not be ruled out. 

The three remaining subjects exhibited confusing features when first seen, 
but subsequent observation and studies revealed one or more specifie factors 
probably capable of causing asthma. H. K., a 65-year-old man, had had asthma 
for six years which occurred principally from early May to the middle of July. 
Skin reactions to a number of allergens suggested several possible causes of the 
asthma, among which were dust and molds. Reactions with pollens were neg- 
ative. Inhalation tests showed an equivocal reaction to dust, which gave the 
most pronounced skin reaction, and marked pulmonary reactions to Alternaria 
and Hormodendrum, which reacted unequivocally by skin test in the lower dilu- 
tions only. M. W., a 42-year-old woman whose asthma began at the age of 34 
years, was initially considered to have ‘‘intrinsie’’ asthma in spite of a num- 
ber of skin reactions to various allergens. A marked reduction in vital capacity 
followed inhalation of birch extract and doubtful responses followed inhalation 
of dust and ragweed. Under observation it became clear that this patient was 
clinically sensitive to bireh, even though the history she had given was not in- 
dicative of it. Finally, M. M., a 35-year-old woman whose asthma began at 30 
vears, gave a history which suggested ‘‘intrinsie’’ asthma and the patient stated 
that she thought the asthma was caused by ‘‘nerves.’’ Skin tests were negative 
or equivocal with the exception of dust, but ragweed reacted by eye test. Dust 
extract caused a fall in vital capacity when inhaled. Observation of this patient 
over a period of two years leads us to believe that she also has ragweed hay 
fever, and associated with this the asthmatie attacks have been accentuated. 
We have tested this patient twice by inhalation of ragweed extract. On one 
occasion no reaction occurred but on another a slight reduction in vital capacity 
occurred which we considered a doubtful reaction. At the time the inhalation 
tests were done, this patient was receiving monthly injections of dust extract 
which, however, did not prevent a pulmonary reaction on inhalation of this 
allergen. 


DISCUSSION 


This method of testing for causative factors in bronchial asthma has the 
advantage that it is a direct measure of the sensitivity of the pulmonary tissue 
to the allergen used for testing, and minimal pulmonary reactions ean be de- 
tected. The method has the disadvantage that it is time consuming and the 
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subject must be cooperative and free of asthma at the time of testing. Our ex- 
perience and that of others using inhalation tests without vital capacity measure- 
ments* * are still too limited to permit a full evaluation of this type of study 
in asthma. One diffieulty which will require time to solve is the preparation and 
standardization of extracts suitable for testing by inhalation. We have pur- 
posely avoided using powdered preparations because of the common statement 
of individuals with asthma, that inhalation of particulate matter of whatever 
kind may cause asthma. We have restricted ourselves, therefore, to the use of 
aqueous solutions. The complexity of dust extract and the possibility. that 
both dermal and pulmonary reactions to it may occur on some basis other than 
an allergic one make us reluctant to attribute unequivocal significance to re- 
actions produced in the lung with this preparation at the present time. The 
method seems to be especially well adapted to intensive study of selected pa- 
tients with asthma when the cause is in doubt or where a controlled method of 
studying the effieaey of preparations for the treatment of asthma is required.® 

The negative results of inhalation tests in four subjects exhibiting all the 
features of ‘‘intrinsie’’ or ‘‘idiopathie’’ asthma were to be expected. Patients 
who develop asthma late in life and who have entirely negative skin reactions 
commonly fail to exhibit clinieal evidence of sensitivity to any allergen. In 
this group, however, pulmonary reactions to inhaled histamine and Mecholy! 
appear to be as readily induced as in vounger individuals exhibiting *‘extrinsie’’ 
asthma. 


There were three patients whom inhalation of an allergen which 
we had at first considered to be unimportant in the production of asthma, 
caused a fall in vital capacity. Although skin sensitivity to these allergens 
was present, we have not been able to predict which extracts would give pul- 
monary reactions on the basis of skin tests alone. Our limited experience differs 
from that of Stevens,’ however, in that we have not seen pulmonary reactions 
to allergens failing entirely to cause skin reactions. 


SUMMARY 


99 


1. Seven subjects exhibiting all or some of the characteristies of ‘intrinsic 
or ‘idiopathic’? asthma were tested by an inhalation technique with a number 
of common allergens. The method of testing was more sensitive than that used 
by others in studies of this type in the past. 

2. Four subjects showed no reactions to inhalation of the allergens although 
inhalation of solutions of histamine or acetyl-beta-methylcholine produced sharp 
pulmonary reactions. In three patients, pulmonary reactions followed inhalation 
of certain extracts, and, with one doubtful exeeption, the skin was likewise 
reactive. 

3. Interpretation of the results of studies of this kind depends on the 
activity of the extracts, the intensity of exposure, and the degree of correlation 
between pulmonary reactions on the one hand and clinical sensitivity on the 
other. 
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DISCUSSION 

DR. WALTER S. BURRAGE, Boston, Mass.-Diagnostic procedures in ailergy are 
becoming a little shopworn, There is increasing scepticism as to the clinical importance of 
skin tests, due to the frequency of the finding of false positive and false negative reactions. 
If chemical substances of low molecular weight should ultimately be proved to act as com- 
plete antigens in themselves without protein conjugation, we may have even greater need 
for other ways of confirming our etiological diagnoses in the future. 

This paper gives us a new method of testing for asthma, or rather a new controllable 
and recordable modification of the old method of trial inhalant exposure under casual ob- 
servation. Harnessed to a vital capacity machine, this technique will record, both in ampli- 
tude and by broadening of the expiratory phase, minimal but signifieant changes in pul- 
monary ventilation as well as those of obvious clinical asthma. 

The authors have discussed the disadvantages of their method. As they state, the 
method is time consuming, the subject must be cooperative and asthma free when tested, and 
the extracts must be both potent and standardized. It is interesting to speculate about the 
use of inhalation testing in bacterial allergy. One would hesitate to employ such substances 
as tuberculin for fear of severe systemic effects or focal reactions in the lungs or elsewhere. 
Both with bacterial substances and those already used in this study, we must likewise con- 
sider the possibility of delayed reactions which would be missed with the technique under 
discussion, These considerations, however, do not destroy the value of this contribution. 

I have watched one of the tests included in this series and was impressed not only by 
the dramatic recorded and clinical response of the patient sensitive to an aerosol, but also by 
the obvious possibilities that such a method holds for the study of many of our patients 


with complicated asthma. 
I hope that their excellent preliminary report will stimulate further work along similar 
lines. 
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COMPARATIVE STUDIES OF SEVERAL ANTIHISTAMINIC DRUGS*t 
Cart ARBESMAN, M.D.; Burrato, N. Y. 


en CE Pyribenzamine and Benadrylt have proved to be valuable adjuncts in 
the symptomatie relief of certain allergic conditions, intensive investigation 
has been carried on by the biochemists in an attempt to find more potent and less 
toxic antihistaminie drugs. Several preparations have been made available 
recently for clinical trial. 

The present study is a comparison of the relative efficacy and toxicity of 
several of these newer drugs in allergic patients. The drugs used in this study 
were Pyribenzamine, Neoantergan, Hydryllin, Neohetramine, and Antistine.§ 
All of these drugs except Hydryllin differ only slightly in their chemical strue- 
ture. Hydryllin is a combination of Benadryl and Aminophyllin. 


METHOD 


Clinieal data were obtained from a total of 291 patients|| with extrinsic al- 


lergie rhinitis and/or bronchial asthma. All patients were interviewed and 
examined from one to three times weekly and symptoms were recorded by the 
patients each day on special ecards. Thus, the number of tablets necessary to 
control symptoms was determined and the degree of relief obtained was recorded. 
They were also given an opportunity to complain of side effects. As soon as the 
evaluation of one drug was established another was given to the patient and at 
subsequent visits the same questions were asked. Some patients received as many 
_as five different antihistaminie drugs. At the conclusion of the study, all were 
asked which drug they thought gave the greatest relief of symptoms and which 
produced the least side effects. 

The dosage preseribed was 50 to 100 mg. as needed, rather than at regular 
intervals. Neoantergan, Antistine, and Neohetramine were usually given in 100 
mg. doses whereas 50 mg. of Pyribenzamine and one or two tablets of Hydryllinf 
seemed to be adequate. 

In order to overcome the factor of varying pollen counts, all patients were 
not given the same drug the same week. Many of them had had some specific 
hyposensitization therapy, but these antihistaminics were prescribed because of 
persistent symptoms. The patients were classified into groups receiving various 
combinations of two antihistaminie drugs and the results of treatment with each 
of these were compared in the same patient. Unless a patient had at least 50 
per cent relief of symptoms he was not considered improved. The final results 
recorded for each patient were determined by evaluation of the symptom ecards 
as well as an objective evaluation of the effectiveness of each drug made by the 
investigator after repeated careful examination and inquiries. 


*From the Department of Medicine, University of Buffalo School of Medicine, and the 
Allergy Clinics of the Buffalo General Hospital and the Children’s Hospital of Buffalo. 

Read at the Fourth Annual Meeting of the American Academy of Allergy, St. Louis, Mo., 
Dec, 15-17, 1947 

¢Manetaebered by Parke, Davis & Company, Detroit, Mich. 


§Neoantergan was supplied by Merck and Company, Inc.; Hydryllin by G. D. Searle & 
Co.; Neohéetramine by Nepera Chemical Company, Inc.; and Antistine and Pyribenzamine by 
Ciba Pharmaceutical Products, Inc. 


|The majority were private patients, others were from the Clinics of the Buffalo General 
Hospital and the Children’s Hospital of Buffalo. 


Each Hydryllin tablet contains 25 mg. of Benadryl base and 100 mg. of Aminophyllin. 
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RESULTS 
Extrinsic Allergic Rhinitis—The results of treatment with various anti- 


histaminie drugs in 268 patients with extrinsic allergic rhinitis due to pollens, 
fungi, and/or inhalants are shown in Table I. 


TABLE I. Errect OF VARIOUS ANTIHISTAMINICG DRUGS ON EXTRINSIC ALLERGIC RHINITIS 


NUMBER IMPROVED* 

DRUG USED OF CASES (PER CENT) 
Pyribenzamine 133 SO 
Neoantergan 208 63 
Hydryllin 86 56 
Neohetramine 115 43 
Antistine 67 30 


*At least 50 per cent relief of symptoms. 


Of 133 patients who received Pyribenzamine, 106, or 80 per cent,* had 
relief of symptoms. Neoantergan was given to 208 patients and 131, or 63 per 
cent, were improved. Hydryllin relieved 56 per cent of 86 patients, Neohetra- 
mine benefited 43 per cent of 115 patients, and Antistine proved of value in 
relieving symptoms in 30 per cent of 67 patients. 

Two or more antihistaminic drugs were given to each of 175 patients at 
different times. Of 126 patients who received Pyribenzamine and Neoantergan 
at different times, 76 preferred Pyribenzamine and 26 were better on Neoanter- 
gan (Fig. 1). In 10 patients the drugs were equally effective and in 12 neither 
drug was of value. Comparative studies of Pyribenzamine, Neohetramine, Neo- 
antergan, Hydryllin, and Antistine in all possible pairings are also illustrated 
in Fig. 1. 

From these data it can be seen that Pyribenzamine offered more relief than 
any of the other drugs studied. This confirms the findings of Bernstein, Rose, 
and Feinberg*® who showed that Pyribenzamine was more effective than Neo- 
antergan or Benadry!] in allergie rhinitis. In this study, however, Pyribenzamine 
was also found to be more beneficial than Neohetramine, Antistine, and Hydryllin. 

Bronchial Asthma.—The results of treatment of bronehial asthma due to 
pollens, fungi, and/or inhalants with antihistaminie drugs in 100 patients are 
summarized in Table II. Hydryllin was beneficial to 31, or 64 per cent, of 48 
patients. Relief of symptoms was obtained in 13 or 45 per cent, of 29 patients 
who received Pyribenzamine. Neoantergan relieved 30 or 43 per cent, of 70 
patients. Neohetramine improved 9, or 33 per cent, of 27 patients; 5, or 36 per 
cent, of 14 patients who were given Antistine had symptomatie relief. 


TABLE II. Errect oF VARIOUS ANTIHISTAMINIC DRUGS ON EXTRINSIC BRONCHIAL ASTHMA 


NUMBER IMPROVED* 

DRUG USED OF CASES (PER CENT) 
Hydryllin 48 64 
Pyribenzamine 29 45 
Neoantergan 69 43 
Antistine 14 36 
Neohetramine 27 33 


*At least 50 per cent relief of symptoms. 


Forty-seven patients were each given two or more antihistaminie drugs at 
different times. Of the 18 patients who received Pyribenzamine and Hydryllin 
at different times, Pyribenzamine was more effective in 5, Hydryllin was better 
in 7, and neither drug was of value in 6 patients (Fig. 2). 


*These results are very similar to the findings reported in 1946 and 1947.1 2 
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The comparison of each of the other drugs, in all possible combinations of 
two, are also illustrated in Fig. 2. As can be seen from this figure, Hydryllin 
was preferred over the other antihistaminies tested when compared in the same 
patients having extrinsic bronchial asthma. 

Side Effects—tThe side effects of Pyribenzamine and Benadryl have been 
adequately described elsewhere.7* The same types of side reactions were ob- 
tained from Hydryllin, Neoantergan, Neohetramine, and Antistine. The inci- 
dence of the total side effects of each drug is shown in Table IIT. Hydryllin and 
Neoantergan produced the highest incidence of side effects, 35 and 33 per cent, 
respectively. Likewise, severe side effects* were encountered more frequently 
with these two drugs. Pyribenzamine gave 26 per centt total side effeets and 
6.7 per cent severe side effects. Neohetramine and Antistine produced the small- 
est percentage of total ill effects, 16 and 14 per cent, respectively. Even though 
the incidence of the side effects was low in these two drugs, 9 per cent of the 
patients receiving Neohetramine and 8 per cent taking Antistine had reactions 
severe enough to discontinue the drug. Patients having side effects from one 
drug could often tolerate another without reaction. Furthermore, none of the 
drugs produced demonstrable side effects involving derangement of kidney or 
liver functions or changes in the hematopoietie system. 


TABLE ITI. INCIDENCE OF SIDE Errects WitH VARIOUS ANTIHISTAMINIG DRUGS 


PER CENT WITH 


NUMBER OF PER CENT WITH SEVERE SIDE 
DRUGS PATIENTS SIDE EFFECTS EFFECTS* 
Hydryllin 91 35 14 
Neoantergan 247 33 16 
Pyribenzamine 147 26 6.7 
Neohetramine 121 16 9 
Antistine 80 14 7.0 


*Severe enough to stop drug. 


DISCUSSION 

In this study Pyribenzamine was the most effective of the drugs in allergic 
rhinitis. More patients preferred it because they obtained better symptomatic 
improvement with it than with any of the other drugs. However, Pyribenzamine 
was not beneficial to all patients. Despite the fact that Neohetramine and 
Antistine did not relieve the symptoms in as great a percentage of patients as 
did Pyribenzamine and Neoantergan, in many instances these ‘‘less potent’’ 
drugs were more effective in certain patients. Moreover, the incidence of side 
effects was least with these two drugs and could often be tolerated when Pyri- 
benzamine, Neoantergan, and Hydryllin had to be discontinued. Because of 
these facts there is a definite place for these ‘‘less potent’’ antihistaminies in the 
allergist’s armamentarium. 

Even though the number of cases of bronchial asthma studied was small, 
Hydryllin appeared to be the most effective of the drugs studied. This drug was 
not nearly as effective as either epinephrine or large doses of Aminophyllin. 
A synergism was previously shown’ between Pyribenzamine and Aminophyllin 
and/or ephedrine in bronchial asthma. Perhaps this same synergism applies to 
other antihistaminies, that is, Benadryl, and Aminophyllin. This may explain 


*The ill effects were so severe that patients refused to take the drug because of marked 
drowsiness, dizziness, nausea, or diarrhea. 


7These results are very similar to the findings reported in 1946 and 1947.12 | 
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why Hydryllin is better than the other antihistaminies alone in bronchial asthma. 

In any event, relief of symptoms with this and all the other histamine antagonists 
tested in bronchial asthma is most disappointing. 

‘Another point of interest was the time of action of these different drugs. 
This factor varied considerably from patient to patient; however, when Pyri- 
benzamine was given, an effect, if there was going to be one, was observed with 
great regularity in ten to thirty minutes. The time of action of the other drugs 
varied considerably and was not regular or predictable. 


CONCLUSION 

The most frequently effective of the drugs tested in this study for all allergic 
manifestations was Pyribenzamine. It was the most potent in controlling symp- 
toms in allergic rhinitis and was almost comparable to Hydryllin in helping 
patients with bronchial asthma. Pyribenzamine also had the smallest percentage 
of severe side effects. None of these drugs seem to relieve nasal occlusion to an 
appreciable degree. The search for more potent and at the same time less toxie 
histamine antagonists should be continued. 


SUMMARY 

1. The relative efficacy of Neoantergan, Pyribenzamine, Hydryllin, Neo- 
hetramine, and Antistine was studied in 291 allergic patients. 

2. Pyribenzamine was the most effective of all the drugs studied in allergic 
rhinitis and relieved symptoms in 80 per cent of 133 patients. 

3. Hydryllin relieved 64 per cent of 48 patients with asthma and was the 
most effective of the drugs studied in bronchial asthma. 

4. All of these drugs are useful adjuncts in the palliative treatment of al- 
lergic manifestations. 


I wish to thank Dr. Howard Osgood for his assistance and recommendations in pre- 
paring this manuscript. 
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PHARMACOLOGIC CHARACTERISTICS OF NEOHETRAMINE, 
A NEW ANTIHISTAMINIC DRUG. 


JoHN V. Scupt JOHN F. YONKERS, N. Y., AND 
NICHOLAS B. DREYER, BURLINGTON, VT. 


T IS well established that antihistaminie drugs afford symptomatic relief in 

the treatment of human hypersensitivity. The toxic reactions which appear 
on prolonged therapy serve to emphasize the fact that these drugs have actions 
other than those specifically referable to histamine antagonism. For example. 
Neoantergan has quinidine-like and local anesthetie activities." Benadryl ex- 
hibits an atropin-like action and, in large doses, it opposes the effeet of sympa- 
thetic nerve stimulation? Pyribenzamine and Compound 00103 have been 
found to enhance epinephrine responses.” Even with respect to histamine an- 
tagonism, it appears that certain actions of histamine are more easily nullified 
than others; for example, Dews and Graham' have pointed out that Neoanter- 
gan easily abolishes splenic contractions induced by histamine but does not 
prevent histamine vasodepression. 

Preliminary studies of Neohetraminet* ° have shown that its acute toxicity in 
mice was about one-half that of other antihistaminie agents; that weanling rats 
receiving as much as 200 me. of Neohetramine per kilogram of body weight per 
day for three months displayed no signs of toxicity ; that Neohetramine showed 
marked activity against the bronchiolar and capillary actions of histamine al- 
though quantitative estimates of the amount of histamine antagonized by Neo- 
hetramine varied with the method of testing; that Neohetramine conferred 
protection against anaphylactic shock in guinea pigs actively sensitized to horse 
serum; that Neohetramine exhibited a slight atropine-like action and did not 
alter epinephrine or sympathetic nerve responses. These studies have been 
confirmed and extended with the results set forth in the following paragraphs. 


EXPERIMENTAL 
Neohetramine, 
dine monohydroehloride, 


N 
CH, 


C,,H..ON,-HCl; Molecular weight, 322.6 


*From the Laboratory of the Nepera Chemical Co., Inc., Yonkers, N. Y., and the Depart- 
ment of Pharmacology, University of Vermont School of Medicine, Burlington, Vt. 

+Manufactured by Nepera Chemical Co., Inec., Yonkers, N. Y. Distributed by Wyeth 
Inc., Philadelphia, Pa. 
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is a stable, crystalline, white compound which melts at 173° to 176° C. It is 
highly soluble and relatively stable in aqueous solution. At concentrations of 
1 and 20 per cent, solutions of Neohetramine exhibit pH values of 5.7 and 4.5, 
respectively. These solutions may be adjusted to pH 7.0 without precipitation. 
A 0.2 molal solution of Neohetramine (6.85 per cent at 27° C.) is approximately 
45 per cent dissociated and is isotonie with mammalian serum. 


Toxicity.—Neohetramine has been shown to be the least toxie of the anti- 
histaminie drugs studied. In mice the oral LD,, of Neohetramine is approx- 
imately twice as high as the intraperitoneal LD,,, and in guinea pigs it is about 
five times as high. In a chronic toxicity study Neohetramine was administered 
to 105 weanling rats (approximately 20 per group) either by way of the diet 
(50, 100, 200 mg. per kilogram daily) or subcutaneously (10, 20 mg. per kilogram 
twice daily) for a period of ninety-one days. The experimental animals and 
twenty-one untreated controls were weighed frequently and complete blood 
counts were taken at regular intervals. Treated animals grew at a normal 
‘ate, as shown in Table I, exhibited no abnormalities in blood morphology, and 
developed no organ pathology. 


TaBLE THe Curonic Toxicrry OF NEOHETRAMINE IN RATS 


INITIAL WEIGHT] 42 DAY WEIGHT DAY WEIGIT 


GROUP DOSAGE (GRAMS ) (GRAMS ) (GRAMS ) 
I 10 mg. subeut. 2 * daily 29.3 134.9 223.2 
(21) [13] | 8] 
BE 20 mg. subeut. 2 x daily 29.4 145.4 238.1 
(21) [11] [10] 
III 50 mg./kg. via diet 29.3 130.2 223.6 
(21) [11] [10] 
IV 100 mg./kg. via diet 29.3 142.0 221.0 
(23) [13] [10] 
V 200 mg./kg. via diet 29.2 125.2 214.5 
(19) [11] [8] 
VI Controls—normal diet 29.2 150.0 244.0 
(21) [11] 10] 
Totals (126) [70] [56] 


( ) Number of rats per group. 

{ ] Number of rats used for tissue examination. 

We are indebted to Professor George K. Higgins of the New York Medical College for the 
examination of all microscopic sections. 


Neutral, isotoni¢ solutions of Neohetramine in concentrations of 1 per cent 
and above were lytie to rat, guinea pig, rabbit, and human erythrocytes in vitro. 
Intradermal injection of 0.1 ¢.¢. doses of neutral, isotonic solutions containing 
2 per cent Neohetramine into the shaved abdominal skin of the rabbit produced 
no perceptible changes. In coneentrations of 5 per cent and above, necrosis 
was observed at the sites of injection after several days. Instillation of neutral, 
isotonic solutions of Neohetramine into the conjunctival sae of the rabbit dis- 
closed little evidence of irritation. In concentrations of 0.5 to 2.0 per cent, Neo- 
hetramine produced a slight congestion of the conjunctiva and cornea which was 
followed within a few hours by a complete return to normal. 
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ANTIHISTAMINIC€ ACTIVITY IN VIVO 


Protection Against Intravenously Administered Histamine.—Groups of male 
guinea pigs weighing between 300 and 400 grams were given graded doses of 
Neohetramine intraperitoneally, and thirty minutes later a uniformly fatal 
dose of histamine diphosphate (0.5 mg. per kilogram calculated as base) was in- 
jected into the jugular vein. The therapeutic dose protecting 50 per cent of the 
animals (TD,,.), determined graphieally,® was 1.15 mg. per kilogram. Parallel 
protection studies indicate that Hetramine is weaker, Benadryl is equal to, 
and Pyribenzamine is more active than Neohetramine when judged by means 
of this method. 

Following oral administration of Neohetramine (50 mg. per kilogram of 
body weight) complete protection against intravenous histamine persisted for 
four hours. At the end of six hours, three of five guinea pigs survived and at 
eight hours there was no protection. This experiment shows a satisfactory per- 
sistence of action following oral administration. 


Protection Against Nebulized ITistamine-—Groups of ten guinea pigs 
(males weighing 300 to 400 grams) were exposed, four at a time, to histamine 
nebulized* into an eighteen-liter chamber which was constructed according to 
Loew, Kaiser, and Moore.’ In these experiments, 0.35 ¢.e. of a solution containing 
12.5 mg. of histamine per cubic centimeter was nebulized within ten minutes at 
an air pressure of 180 mm. of mereury. Untreated animals invariably died of 
typical histamine poisoning, but those exposed thirty minutes after the intra- 
peritoneal injection of increasing doses of the antihistaminie agents were pro- 
tected as shown in Table II. Tested in this manner, Neohetramine exhibited 
the same potency as Benadryl. Pyribenzamine appeared to be seventeen times 
more active than Neohetramine, but when, by a slight modification of procedure, 
histamine and the antihistaminic drug were nebulized from the same solution, 
the apparent effectiveness of Pyribenzamine was reduced to a factor of 4. It 
is clear that the amount of antihistaminie drug necessary to prevent fatal 
bronehoeonstriction in the guinea pig depends on the mode of administration 
and the conditions of the experiment. 


TABLE IT, PrRoTecTION AGAINST NEBUL!IZED HISTAMINE 


| MIT'S OF ERROR 


DRUG MG./KG. I.P. | (%) 
Hetramine 6.4 74-136 
Benadryl 70-1438 
Neohetramine 30 73-140 
Pyribenzamine 0.2 65-155" 
Neohetramine* 3.6 76-132 
Pyribenzamine* 0.8 78-128 


*Histamine and drug nebulized from same solution. 


Influence on Capillary Permeability —An inerease in capillary permeability 
following intracutaneous injection of histamine into the shaved abdominal skin 
of the rabbit can be visibly demonstrated by subsequent intravenous injection of 


*The glass nebulizer used in these experiments was supplied by the Inhalational Equip- 
ment Co., New York, N. Y. 
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aqueous trypan blue. The extent of capillary permeability is indicated by the 
amount of dye which accumulates at the site of injection. Antihistaminie drugs 
prevent or diminish this action of histamine.® 


Male albino rabbits weighing more than 3 kilograms were shaved forty- 
eight hours before the experiments. The number of molecules of histamine an- 
tagonized was determined after injecting solutions containing a fixed amount of 
antihistaminic drug plus increasing concentrations of histamine. In a typieal 
experiment, two solutions of antihistaminic drug (1 and 4 micromols per cubic 
centimeter) were each mixed with equal volumes of solutions containing 1, 2, 
4, 8, 16, 32, and 64 micromols of histamine per cubic centimeter. Randomized 
intracutaneous injections of 0.2 ¢.c. of these solutions were made for each anti- 
histaminie drug tested. Immediately following the last injection, 10 ¢.c. of 1 
per cent aqueous trypan blue was injected into a marginal ear vein and the skin 
sites were observed after fifteen and thirty minutes. Histamine antagonism was 
indicated by failure of the injected site to become blue. The end point was 
taken as the highest concentration of histamine antagonized by the particular 
antihistaminic drug. An analysis of variance performed on the data of 
quadruplicate assays indicated that differences attributable to animal variation 
were nonsignificant. Mean values are, therefore, presented. The data show 
that the effect of a solution containing 1.9 micromols (0.21 mg. per eubie centi- 
meter) of histamine was completely nullified by the incorporation of 1 micromol 
(0.29 mg. per eubie centimeter) of Neohetramine. Thus, 1 molecule of Neo- 
hetramine antagonized approximately 2 molecules of histamine. Under similar 
conditions 1 molecule of Benadryl] inhibited 1.5 molecules of histamine and 1 of 
Pyribenzamine nullified the action of nearly 9 molecules of histamine. 


Fig. 1.—Blood pressure: Dog. Responses to 1 and 5 ug per kilogram of histamine, H, before 
and after 2.5 mg. per kilogram of Neohetramine, N. 


Blood Pressure.—In studies using anesthetized cats (chloralose, 90 mg. per 
kilogram intravenously, or urethane 1.25 Gm. per kilogram intravenously, or a 
50-50 mixture of the two) and dogs (pentobarbital sodium, intravenously) the 
vasodepressor action of histamine at a dose of 1 »g per kilogram of body weight 
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was nullified by Neohetramine in a dose of 2.5 mg. per kilogram, The response 
to larger amounts of histamine (5 pe per kilogram) was not completely abolished 
by Neohetramine. The tracings of a typical experiment in.the dog are presented 
in Fig. 1. Pyribenzamine gave essentially the same results. 

In the cat a total dose of 17.5 mg. per kilogram of Neohetramine injected 
intravenously over a period of one hour abolished the depressor effect of his- 
tamine (lg per kilogram) given one and two hours after the Neohetramine. 
After five hours, the Neohetramine still inhibited the histamine response by more 
than 50 per cent. In the dog, a dose of 23.5 mg. per kilogram of Neohetramine, 
administered over a period of one hour, provided complete antihistaminie ac- 
tivity for two hours, with marked activity present at the end of five hours. This 
persistent action of the drug suggests oral dosing every four to eight hours. 

ANTIHISTAMINIC ACTIVITY IN VITRO 

Excised Tracheal Tisswe.— Excised guinea pig tracheal tissue was studied 
according to the method of Castillo and de Beer.’ In a 25 ¢e. bath using 
Hastings-van Dyke solution with glucose, uniform contractions of the tracheal 
chain were consistently obtained with 0.72 pe of histamine per cubic centimeter. 
In order to permit histamine and Neohetramine to reach effector sites at the 
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Fig. 2.—Isolated guinea pig ileum. Histamine, H, 2 we: Neohetramine, N, 1 and 4 weg. 


same time, solutions were prepared containing a fixed amount of histamine (0.72 
pg per cubic centimeter of bath fluid) and graded concentrations of Neohetra- 
mine (0.029 to 1.876 ne per cubic centimeter of bath fluid). Similar solutions 
were also prepared containing histamine and Pyribenzamine in concentrations 
ranging from 0.026 to 1.664 pg per cubic centimeter. The addition of histamine- 
antihistamine solutions to the bath caused smaller contractions than those in- 
duced by histamine alone. The results, summarized in Table IIT show a linear 
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TABLE LIT, Errecr or COMBINED HISTAMINE-ANTIHISTAMINE SOLUTIONS ON EXCISED TRACHEAL 
TISSUE (HISTAMINE: 0.72 wG/c.c. FLUID) * 


. BG OF ANTIHISTAMINIC/ % OF HISTAMINE CONTRACTION 
C.c, BATH FLUID 


Neohetramine 


0.029 116.9 
0.058 87.5 
0.116 69.5 
0.232 67.0 
0.464 65.5 
0.988 33.0 
1.876* 44.3 
Pyribenzamine 
0.026 66.7 
0.052 62.0 
0.104 54.5 
0.208 64.0 
0.416 30.0 
0.832 
1.664* 43.5 


*0.0065 micromols per cubic centimeter. 


response with increasing concentrations of Neohetramine, but the responses ob- 
tained with Pyribenzamine were more erratic. Neither prevented histamine 
break-through at any concentration employed. It is clear from Table IIT that 
one molecule of Neohetramine or Pyribenzamine antagonized only 0.4 of a 
molecule of histamine. These results are in sharp contrast to those reported in 
the foregoing, emphasizing further the discrepancies encountered in the use 
of different test methods. 


TABLE LV. INHIBITION OF HISTAMINE VASOCONSTRICTION IN THE LSOLATED RABBIT EAR 


RATE OF FLOW* 


SEQUENCE OF PERFUSIONS (ML. ) 
Ringer solution 81 
Ringer solution + histamine .5 ug. .30 
Ringer solution wash 93 
Ringer solution + Neohetramine .5 ug. 1.4 
Ringer solution + histamine .5 wg. 1.2 
Ringer solution wash 1 


*Each figure represents the average for three five-minute periods. 


Other Isolated Tissues—lIn this series of experiments, various tissues were 
suspended in a 30 ¢.c. bath of oxygenated Ringer’s solution at 37° C. Following 
the addition of 1 to 4 ng of histamine, that is, sufficient to evoke a submaximal 
response, the amount of Neohetramine required to counteract the histamine con- 
traction was determined (Fig. 2). Comparative studies using the guinea pig 
ileum indicated that Pyribenzamine was somewhat stronger and Benadryl! some- 
what weaker than Neohetramine. Neohetramine can be removed from the tissues 
by frequent changes of Ringer’s solution. 

Although histamine generally causes smooth musele to contract, it charae- 
teristically relaxes the rat uterus. This action of histamine was not abolished 
by Neohetramine (Fig. 5) or Pyribenzamine. 


Blood Vessels ——In rabbit ear perfusion studies it was found that the vaso- 
constrictor effect of 0.5 ng of histamine, as measured by diminished outflow from 
the ear vein, was completely inhibited by 0.5 ng of Neohetramine (Table IV). 
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The various tests described in this section are summarized in Table V. 


TABLE V. ANTIHISTAMINIC ACTIVITY OF NEOHETRAMINE 


MICROMOLS OF HIS- 


HISTAMINE NEOHETRAMINE TAMINE ANTAGONIZED 
ANTAGONIZED * NEEDED BY 1 MICROMOL OF 
TEST PROCEDURE (4G) NEOHETRAMINE* 
Intravenous histamine 500 1,150 1.12 
Nebulized histamine 3,700 3,500 2.72 
Nebulized mixtures of his- 12,500 3,600 8.95 
tamine and neohetramine 
Capillary permeability 211.1 286.0 1.90 
Tracheal chain < 720 1,876 <l 
(Approximately 14) 
Isolated guinea pig ileum 0.36 1.5 0.62 
Isolated rabbit uterus < 10 > 1,200 No antagonism 
Isolated guinea pig uterus 3.6 5.0 
Isolated cat uterus 0.5 0.3 4.28 
Isolated cat intestine 3.6 20.0 0.46 
Perfusion of isolated rabbit 0.5 0.5 2.57 
ear 
Blood pressure (cat) 1.0 2,500 0.001 


*Molecular weights (as base): Neohetramine, 286.358; Histamine, 111.09. 


ANTIANAPHYLAXIS 


Active Anaphylaxis —The antianaphylactie activity of Neohetramine was 
studied in male guinea pigs weighing 300 to 400 grams. Approximately two 
weeks after intraperitoneal injection of 1 ¢.c. of 10 per cent horse serum, twenty- 
seven of thirty-one control animals suecumbed to a shocking dose of 0.5 ¢.c. of 
undiluted horse serum injected into the jugular vein. Intraperitoneal injection 
of Neohetramine and other antihistaminic agents, thirty minutes before the shock 
injection, resulted in survival, as shown in Table VI. Protection was obtained 
with as little as 1 mg. of Neohetramine (45 per cent survival), but larger doses 
afforded no significantly greater protection. At 1 mg. per kilogram, Pyri- 
benzamine exhibited approximately the same activity as Neohetramine but, 
again, higher doses conferred no greater protection. Benadryl afforded optimum 
protection (75 per cent) at 5 mg. per kilogram, but at a dose of 25 mg. per kilo- 
eram only 30 per cent of the animals were protected and at 50 mg. per kilogram 
(not shown in Table VI) the drug proved toxic to three of four animals. 


TABLE VI. PROTECTION AGAINST ACTIVE ANAPHYLACTIC SHOCK 


DOSAGE PER CENT 

DRUG (MG./KG. ) SURVIVAL RATIO SURVIVAL 
None (Controls) ares 9/52 17.3 
Neohetramine 1.0 9/20 45.0 
5.0 10/20 50.0 
10.0 12/20 60.0 
25.0 10/20 50.0 
Pyribenzamine 1.0 15/20 75.0 
5.0 10/20 50.0 
10.0 13/20 65.0 
25.0 14/20 70.0 
Benadryl 1.0 7/20 35.0 
5.0 15/20 75.0 
25.0 3/10 30.0 


| 
LZ 
: 
: 
ig 
hes: 
om 
leq 


SCUDI ET AL.: PHARMACOLOGIC CHARACTERISTICS OF NEOHETRAMINE 191 


It has been reported’? that Benadryl! failed to protect guinea pigs actively 
sensitized to egg white. Rose and co-workers," on the other hand, reported that 
Benadryl, Neoantergan, and Pyribenzamine were active and that all three ex- 
hibited essentially the same activity against anaphylactic shock in the guinea pig. 
Our results are in general agreement with those of Rose and co-workers,’ and 
of Campbell and co-workers,'® who comment on the discrepancy between anti- 
histaminie and anti-anaphylactie activities. 


Passive Anaphylaxis—In order to study the antianaphylactie activity of the 
three drugs more fully, the experiments just described were repeated with 
passively sensitized guinea pigs. Guinea pigs were sensitized by the intra- 
peritoneal injection of 0.5 ¢.e. of antihorse rabbit serum (precipitin titer, 
1:8,000 to 1:16,000). Twenty-four hours later a challenging dose of 0.5 e.e. 
of undiluted horse serum was injected intravenously. Animals pretreated with 
antihistaminie drugs were protected as shown in Table VII. Good protection 
was obtained with each drug at a dose of 5 mg. per kilogram. 


TABLE VII. PROTECTION AGAINST PASSIVE ANAPHYLACTIC SHOCK 


DOSAGE SURVIVAL PER CENT 

DRUG | (MG./KG.) RATIO SURVIVAL 
None (Controls) aes 1/20 5.0 
Neohetramine 1.0 3/25 12.0 
5.0 12/20 60.0 
Pyribenzamine 1.0 14/25 56.0 
5.0 20/20 106.0 
Benadryl 1.0 7/20 35.0 
5.0 14/20 70.0 


Local Anaphylaxis (Arthus’ Phenomenon).—Dermal hypersensitivity was 
induced in rabbits by weekly intraperitoneal injections of undiluted horse serum 
until precipitin titers of 1:8,000 to 1:16,000 were attained. Intracutaneous in- 
jections of the homologous antigen resulted in edema and congestion which was 
followed by local necrosis. This reaction in rabbits resembled that produced by 
histamine. It was believed, therefore, that the reaction might be prevented by 
antihistaminie drugs. In a series of experiments in which mixtures of horse 
serum (.05 ¢.. of 1:10, 1:20, 1:40 dilution) and varying concentrations of 
Neohetramine (.05 ¢.c. at 0-16 micromols per cubic centimeter) were injected 
intracutaneously into sensitized rabbits, no protection was afforded by Neo- 
hetramine in concentrations up to 16 micromols per cubic centimeter. 


Anaphylaxis in Isolated Tissues—When the ileum or uterus of the horse 
serum-sensitized guinea pig is suspended in a bath containing Hastings-van 
Dyke solution, the addition of antigen results in a tetanic contraction similar 
to that obtained with histamine. Pretreatment of the tissue with Neohetramine 
in a concentration of 1 yg per cubie centimeter of bath fluid caused a reduction 
in the size of the contraction following the addition of horse serum in a con- 
centration of 1:100,000. The results were somewhat equivocal because of inter- 
fering spontaneous contractions. Pretreatment of tracheal tissue with Neo- 
hetramine did not inhibit the horse serum contraction unless excessively high 
doses (1,000 ng per cubie centimeter) were used. 
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OTHER PHARMACOLOGIC ACTIONS 


Action on Blood Pressure—The action of Neohetramine on the arterial 
blood pressure was studied in cats anesthetized either with urethan (1.25 mg. 
per kilogram) or chloralose (100 me. per kilogram). Neohetramine in a dose 
of 0.25 mg. per kilogram caused a slight transient lowering of the pressure. A 
dose of 1 mg. per kilogram caused definite Vasodepression; 2 mg. per kilogram 
produced a rapid fall of 20 to 30 mm. of mereury. Recovery was complete within 
fifteen to twenty minutes. Four milligrams per kilogram reduced the blood 
pressure to approximately one-half its normal value. Partial recovery from 
this dose was rapid but the blood pressure did not reach the preinjection level 
for approximately one hour., Identical blood pressure responses were obtained 
with Pyribenzamine. 

Cardiometric measurements and plethysmographie recordings of hindlimb 
volumes indicated that when the systemie arterial pressure fell, there was an 
increase in diastoli¢ volume and a decrease in limb volume. As the blood pres- 
sure began to recover, the limb volume increased and diastolic volume returned 
to normal, These observations can be ascribed to eardiae dilatation with a re- 
sultant hypotension. Presumably, as the concentration of the drug in the 
coronary blood decreased and became distributed in the body, the blood pres- 
sure recovered and the limb volume increased. If peripheral vasodilatation were 
operating to any significant extent, the leg volume should have varied inversely 
with the blood pressure. That the transient hypotension which follows the 
injection of Neohetramine and other antihistaminie agents must be attributed 
mainly to eardiae dilatation is supported by the following experiments on 
blood vessels and on the isolated heart. 

Action on Blood Vessels-—Neohetramine, dissolved in Ringer’s fluid, was 
perfused in doses of 0.1 and 0.5 pg. through the blood vessels of the isolated 
rabbit ear. Under the conditions of the experiments, slight vasodilatation was 
evident at the 0.5 ne dose. (Table IV.) 

Action on the Heart.—Using the Straub frog heart preparation it was found 
that small amounts of the drug (1 sg per cubie centimeter) had no effeet, but 
that larger doses (5 pg) caused a well-marked diminution in systolic contraction 
with no change in diastole. This action disappeared following changes of 
Ringer’s solution. As shown in Fig. 3, Pyribenzamine and Benadryl produced 
identical results. 

Pithed terrapins weighing approximately 4 kilograms were prepared for 
the recording of ventricular contractions. The right vagus nerve and both 
jugular veins were isolated and kept moist with frog Ringer-Locke solution at 
room temperature. After obtaining uniform responses, doses of 1, 2, or 4 mg. 
of Neohetramine were injected intravenously. Although animal variations were 
encountered, there was, in general, a decrease in both amplitude and rate of 
ventricular contration and a paralysis of the vagus nerve. Benadryl and Pyri- 
benzamine in the same doses caused ventricular depression, bradyeardia, and 
vagal paralysis, but these changes were usually more intense and longer lasting 
than those obtained following Neohetramine. An atropine-like action of these 
drugs is suggested by the observation that the vagus fails to respond for some 
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time after the amplitude and rate of ventricular contraction have returned to 
normal. The presence of bradyeardia coincident with vagal paralysis may be 
attributed to ventricular depression. 


NIOK9 Pez PEZIOMS B 


Fig. 3.—Frog heart. Action of Neohetramine, Pyribenzamine, and Benadryl in the concentra- 
ions indicated. 
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Fig. 4.—Cat duodenum in situ. Neohetramine N, 0.1, 0.2, and 0.5 wg per kilogram. 


Tn 


Action on the Intestine in Situ.—Intravenous injection of 0.1 to 0.5 me. 
Neohetramine into anesthetized cats (chloralose) produced a slight reduction 
in contractility of the intestine, in situ, with recovery in ten minutes. (Fig. 4.) 
With repeated doses of Neohetramine, Benadryl, or Pyribenzamine, the dura- 
tion of relaxation tended to diminish. Large doses frequently stimulated in- 
‘testinal movements. Sectioning of the vagus and splanehnie nerves did not alter 
the response of the intestine to Neohetramine. This observation points to a 
peripheral site of action of this drug. 
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Local Anesthesia.—Loceal anesthetit activity was observed in the rabbit after 
flooding the conjunctival sae with isotonic neutral solutions containing 0.5, 1, and 
2 per cent of Neohetramine. Using four rabbits at each drug concentration it 
was found that Neohetramine, like other antihistaminie drugs, has local anes- 
thetic properties similar to procaine but is somewhat more irritating. 


Action on the Rat Uterus.—Strong contractions were initiated in the 
isolated rat uterus by large doses (80 wg per 30 ¢.c. bath) of Neohetramine. 
(Fig. 5.) 


Fig. 5.—Isolated rat uterus. Histamine, H, 10 ug; Neohetramine, N, 20 and 80 ug. 


Parasympathetic Action.—Neohetramine was tested in the anesthetized cat 
for its ability to modify representative parasympathetic actions such as in- 
creased gastric secretion, greater intestinal motility and ecardiae inhibition in 
response to vagal stimulation, and increased salivary flow in response to chorda 
tympani stimulation. 

Gastric juice obtained in response to faradization of the sectioned peripheral 
vagus nerve was examined for total and free acidity. Following intravenous 
injection, Neohetramine (10 mg. per kilogram) reduced both the volume and 
the acidity of the juice, with a more marked reduction in volume than in 
acidity. Lower doses of the drug (5 mg. per kilogram) did not alter the total 
or free acidity. Typical results are presented in Table VIII. 

The effect of Neohetramine on intestinal motility in the cat was studied 
according to the method of Roger except that oil, instead of saline, was em- 
ployed for filling the gut lumen.’? Motility induced by thirty-second stimula- 
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TaBLE VIIT. Gasrric Juice CoLLEctep AT HOURLY INTERVALS (LEFT VAGUS STIMULATED) 


ML. N/1O NaOH TO NEUTRALIZE 100 ML. GASTRIC JUICE 
NEOHETRAMINE 


PRETREATMENT (10 wG/KG.) 
CAT | 1 | 2 | 3 l 2 ae 
1 9.4 128.0 2.5 3.2 59.5 3.0 
2 6.8 111.5 3.5 7.2 111.0 3.5 
= 115.0 11.0 - 98.0 9.5 
= 105.5 10.0 = 115.0 10.1 
118.5 11.0 
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tion of the vagus was not depressed by Neohetramine. Often such motor re- 
sponses were increased following the administration of the drug, whether the 
connections with the central nervous system were intact or severed. 

The effect of Neohetramine on cardiac vagal activity was studied in the 
anesthetized cat. Neohetramine, 2.5 mg. per kilogram, abolished the bradycardia 
due to weak vagal stimulation (secondary coil of Harvard inductorium at 12, 
using a 2 volt cell), but strong stimulation (inductorium at 8) broke through 
this block. That Neohetramine exerted some effect at the strong stimulus level 
was indicated by the fact that the concomitant vasodepression was less marked 
than that obtained before giving the drug. It may be noted that under com- 
parable conditions 0.1 mg. per kilogram of atropine regularly abolished vagal 
inhibition of the heart. 

In salivary secretion studies on the anesthetized cat, the chorda tympani 
was isolated and sectioned. Wharton’s ducts were cannulated and the volume 
of salivary flow was measured following submaximal faradie stimulation of the 
peripheral portion of the chorda tympani. Stimulation at five-minute intervals 
yielded comparable amounts of saliva. Small amounts of Neohetramine (0.25 
mg. per kilogram) reduced very slightly the salivary flow induced by chorda 
stimulation, but the effect of the drug was soon dissipated. As the dose of 
Neohetramine was increased the salivary flow was diminished further, but 
even large doses (8 mg. per kilogram) did not entirely abolish the effect of 
chorda stimulation. In contrast with these observations, atropine sulfate 
(0.1 mg. per kilogram) abolished all chorda tympani effect on the salivary 
gland, Thus, neohetramine, while possessing some atropine-like properties, is a 
weak parasympatholytie agent. 

Sympathetic Actions —Neohetramine was tested for its ability to modify 
sympathetic actions such as pressor responses in the eat and dog, contractions 
of the isolated rabbit uterus, and salivary secretion in the eat. 

The typical pressor response obtained following the injection of 5 to 7 pg 
per kilogram of epinephrine in the anesthetized cat was unaltered by prior 
administration of Neohetramine in small or large doses. In the dog, even rela- 
tively massive doses of Neohetramine (23 mg. per kilogram) failed to modify the 
pressor response. These results indicate clearly that Neohetramine does not 
sensitize to epinephrine. In this respect Neohetramine differs from Pyri- 
benzamine™ and Compound 01013.° 

No change could be demonstrated in the response of the isolated rabbit 
uterus to 1 pg of epinephrine after 10 and 20 mg. doses of Neohetramine. 
(Fig. 6.) 
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Fig. 6.—Rabbit uterus. Epinephrine Er, 1 ng; Neohetramine, N, 10 and 20 we. 


Neohetramine in a dose of 2 me. per kilogram did not alter salivary flow 
induced by stimulation of the cervical sympathetic nerve in the cat. When the 
dose was increased to 8 mg. per kilogram there was only a slight diminution of 
flow which was regarded as nonsignificant. It is clear from the foregoing that 
Neohetramine does not potentiate epinephrine or sympathetic responses. 


. 


SCUDI ET AL.: PHARMACOLOGIC CHARACTERISTICS OF NEOHETRAMINE 197 


DISCUSSION 

Neohetramine was found to be markedly effective in counteracting the 
bronchiolar, capillary permeability, tracheal, intestinal, uterine, vasodilator, 
and pressor actions of histamine. Inspection of the data (Table V) indicates 
that the amount of histamine antagonized depends on the test method em- 
ployed. Thus, depending on the tissue, the species of animal, the mode of ad- 
ministration, ete., Pyribenzamine may appear to be one or twenty times as active 
as Neohetramine, and Benadryl may appear to be one-half or equally as active 
as Neohetramine. The significance of these comparisons is not clear because 
laboratory methods of testing are as yet unrelated to clinical effectiveness. In 
a clinical comparison of two antihistaminie drugs, Loveless'* recently reported 
that Benadryl was better suited to the treatment of Méniére’s syndrome and in- 
trinsic allergic asthma while Pyribenzamine was more effective in the treat- 
ment of nonseasonal extrinsic asthma. It may be inferred from her report that 
different drugs will be required in the treatment of different forms of hyper- 
sensitivity. Since laboratory methods of testing do not give a reliable index of 
the clinical value of the antihistaminie drugs, it would appear that final evalua- 
tion of these drugs can be established only in human subjects, and then only 
with reference to the treatment of specific allergic states. 
A significant degree of protection was obtained in actively sensitized ani- 
mals with as little as 1 mg. per kilogram of Neohetramine (45 per cent), but 
no greater protection was afforded by larger doses. Essentially the same re- 
sults were observed with Benadryl and Pyribenzamine. In each instance the 
protection curve was steep at low doses, reached a plateau, and fell off at high 
doses. Although the highest doses employed were well below the LD,,, it seems 
reasonable to suppose that drug toxicity was implicated in the results observed. 
In addition to toxicity, animal variation and variations inherent in the process 
of active sensitization must be considered in interpreting the results. 
In passive sensitization, a uniform dose of antibodies administered to an- 
imals of approximately the same age and weight would be expected to confer a 
more uniform degree of sensitization. Using passively sensitized guinea pigs 
it was found that all three drugs afforded protection at doses of 1 mg. per kilo- 
gram, and that protection was increased in all three instances at doses of 5 mg. 
per kilogram. At the latter dose level complete protection was afforded only 
by Pyribenzamine but it is quite probable that complete protection would be af- 
forded by the other drugs at slightly higher doses. It would appear that the 
minor differences between the drugs are without practical significance. 
The differences between the results obtained in the passive and active 
anaphylaxis experiments at the 1 and 5 mg. dose levels are remarkably small 
indeed. While available knowledge of the physiologic mechanisms underlying 
anaphylaxis is limited, it seems reasonable to suppose that the antigen-antibody 
relationships are essentially the same in both active and passive anaphylaxis. 
The minor differences evident in the two types of experiments presumably stem 
from quantitative differences in the amount of antibody involved. 
Comparison of antihistaminic drugs in the anaphylactic and histamine 
shock experiments involves a difference in order of magnitude; for example, 
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Pyribenzamine, given intraperitoneally, protected guinea pigs against histamine 
shock in doses as small as 0.05 mg. per kilogram. To obtain equal protection 
against anaphylactic death in passively sensitized guinea pigs it was necessary 
to increase this dose twentyfold. The experiments described herein do not per- 
mit an explanation of this difference. It may result from a fundamental dif- 
ference between the two types of shock or from quantitative differences in the 
histamine-antihistamine competition at effector sites. 

In addition to their ability to antagonize histamine and to protect against 
anaphylactie death, antihistaminie drugs have other well-defined pharmacologic 
actions. For example, Neohetramine instilled into the conjunctival sae pro- 
duced corneal anesthesia of an intensity and duration equal to procaine. Its 
action on smooth muscle is persistent and variable, depending on the particular 
tissue, mode of administration, and dosage. 

Neohetramine, unlike some of the reference antihistaminie drugs, does not 
alter sympathetic responses, nor does it potentiate the action of epinephrine. 
In addition, neohetramine, like other antihistaminic drugs, produces a transient 
vasodepression. These results suggest that Neohetramine may be used in the 
presence of hypertension. 


SUMMARY 


1. As judged by its intraperitoneal toxicity in mice, Neohetramine is 
about one-half as toxie as other antihistaminie agents. 

2. Weanling rats, receiving as much as 200 mg. of Neohetramine per kilo- 
eram of body weight per day over a period of three months, grew at a normal 
rate, exhibited no abnormalities in blood morphology, and developed no organ 
pathology. 

3. Neohetramine showed marked activity against the bronchiolar, capillary, 
local vasodilator, smooth muscle, and vasodepressor actions of histamine. 

4. Neohetramine afforded excellent protection against anaphylactic shock 
in actively and passively sensitized guinea pigs: No protection against local 
anaphylaxis (Arthus’ Phenomenon) and anaphylaxis in isolated tissues was 
noted. 

5. Five to ten times as much drug wag required to protect guinea pigs 
against anaphylactic shock than against histamine shock. 

6. In addition to its antihistaminie action, Neohetramine exhibits the 
following pharmacologie properties. 

(a) In low concentrations, it exerts either no action or a mild depressant 
action on smooth muscle. In high concentrations it often induces contraction. 

(b) In the eye, it produces a transient irritant effect accompanied by local 
anesthesia comparable to that obtained with procaine. 

(ce) It does not alter sympathetie responses, nor does it potentiate the action 
of epinephrine. 

(d) It has slight atropine-like properties as indicated by its ability to de- 
press salivary secretion induced by stimulation of the chorda tympani nerve. 

(e) Like other antihistaminie drugs, Neohetramine produces some ventricu- 
lar depression, bradyeardia, and a transient vasodepression. 


rath 
4 
' 
ne 


SCUDI ET AL.: PHARMACOLOGIC CHARACTERISTICS OF NEOHETRAMINE 199 


REFERENCES 


. Dews, P. B., and Graham, J. D. P.: The Antihistaminic Substance, 2786 R.P., Brit. J. 


Pharmacol. 1: 278, 1946. 


. Dreyer, N. B., and Denton, C.: Some Autonomic Nervous System Responses to 


Benadryl, Federation Proce. 6: 324, 1947. 


. Lee, H. M., Dinwiddie, W. G., and Chen, K. K.: The Antihistamine Action of 


N-(2-Pyridyl)-N-(2-Thenyl)-N’,  N’-Dimethylethylenediamine Hydrochloride, J. 
Pharmacol. & Exper. Therap. 83: 120, 1945. 


. Reinhard, J. F., and Seudi, J. V.: Pharmacological Characteristics of Neohetramine. L., 


Proc. Soe. Exper. Biol. & Med. 66: 512, 1947. 


5. Dreyer, N. B., and Harwood, D.: Pharmacological Characteristics of Neohetramine, IL., 


Proc. Soe. Exper. Biol. & Med. 66: 515, 1947. 


. de Beer, E. J.: The Caleulation of Biological Assay Results by Graphie Methods. 


The All-or-none Type of Response, J. Pharmacol. & Exper, Therap. 85: 1, 1945. 

Loew, E. R., Kaiser, M. E., and Moore, V.: Synthetic Benzhydryl Alkamine Ethers 
Kiffective in Preventing Fatal Experimental Asthma in Guinea Pigs Exposed 
to Atomized Histamine, J. Pharmacol. & Exper. Therap. 83: 120, 1945. 


. Last, M. R., and Loew, E. R.: Effeet of Antihistamine Drugs on Increased Capillary 


Permeability Following Intradermal Injections of Histamine, Horse Serum and 
Other Agents in Rabbits, J. Pharmacol. & Exper, Therap. 89: S81, 1947. 


. Castillo, J. C., and de Beer, E. J.: ‘The Tracheal Chain. I. A Preparation for the 


Study of Antispasmodies With Particular Reference to Bronecholdilator Drugs, 
J. Pharmacol. & Exper. Therap. 90: 104, 1947. 


. Campbell, B., Baronofsky, I. D., and Good, R. A.: Effects of Benadryl on Anaphylac- 


tic and Histamine Shock in Rabbits and Guinea Pigs, Proce, Soc. Exper. Biol. & 
Med. 64: 281, 1947. 

Rose, J. M., Feinberg, A. R., Friedlaender, 8., and Feinberg, 8. M.: Histamine An- 
tagonists. VII. Comparative Antianaphylactie Activity of Some New Anti- 
histaminie Drugs, J. ALLERGY 18: 149, 1947. 


2. Dreyer, N. B., and Harwood, D.: A Method for Testing Antispasmodies on the Cat’s 


Intestine in Situ, Federation Proce. 6: 324, 1947. 


3. Yonkman, F. F., Chess, D., Mathieson, D., and Hansen, Nicoline: Pharmacodynamic 


Studies of a New Antihistamine Agent, N’-Pyridyl-N’-Benzyl-N-Dimethylethylene 
Diamine HCl, Pyribenzamine HC]. 1. Effects on Salivation, Nictitating Mem- 
brane, Lachrymation, Pupil and Blood Pressure, J. Pharmacol, & Exper. Therap. 
87: 256, 1946. 

Loveless, M. H.: Therapeutic and Side Effects of Pyribenzamine and Benadryl. <A 
Comparative Study Based Upon a Survey of Twenty-Six Clinical Reports in the 
Literature, Am. J. Med, 3: 296, 1947. 


- 
3 
- 
10 
4 
. 
~ 


A DEVICE FOR THE ELECTROSTATIC PRECIPITATION OF 
BACTERIA AND FUNGUS SPORES UPON CULTURE PLATES* 


OLAND Rooks, Low: TY, 
R Pi.D., Towa Crry, lowa 


UE to the increased interest in air-borne infection, it would be desirable in 

certain experimental problems, e.g., testing the bacterial filtering efficiency 
of surgical masks, air filters, ete., to have available a simple, 100 per cent 
efficient sampling method. With the apparatus to be described, in which both 
impingement and electrostatic precipitation are used volumetrically in a portable 
unit, it is believed under certain test conditions, that the sampling efficiency 
does approach absolute efficiency tor air-borne bacteria and fungus spores. 

Berry! has shown that the electrostatic precipitation of bacteria is possible, 
and that the relative efficiency of this method as compared with impingement 
‘*hecomes greater with the lapse of time after spraving.’’ The practicability 
of using direct current electrostatic fields in the precipitation of bacteria is 
further shown? by the recent study of Luekiesh, Holladay, and Taylor. They 
found that by a slight change in design of the funnel device,* with the addition 
of an electrostatic field, ‘*the percentage of air-borne B. coli caught from the 
air from the infection chamber was many times that caught with the funnel 
device.’’ The test organism was sprayed into the air with a ‘‘ Walton atomizer 
containing a very dilute solution of heart infusion broth infected with 
Escherichia (B. coli) twenty-four hours old.’’ They also report a higher 
efficiency in the use of the electrostatic precipitation method in sampling the 
air in theaters. The optimum rate of air flow was found to be 0.5 eubie feet 
per minute. 

Since the report by Berry,’ the original sampler has been made portable, 
and as the result of additional tests has undergone further modification. The 
instrument as it is now used is made entirely of glass (Fig. 1). This adds 
greatly to the safety and simplicity of sampling. It consists of a glass evlinder 
with an inside diameter of 11 em., 0.6 em. in thickness, to which is fitted with 
ground glass edges, a top and bottom of plate glass. The precipitating electrode 
is constructed of platinum wire with the size of this wire and constructional 
details as given in the first report.'. The platinum wire from the binding post to 
the electrode passes through a small hole in the funnel. 
ae The collecting electrode consists of a Petri dish, through the center of 
= ; which is inserted a copper rivet. Preliminary experiments showed a much 
ereater efficiency with this slight change in the ordinary Petri dish, espeeally 
of the plates were a day or two old. The sampling medium is poured in sufficient 
depth to completely cover this rivet. This poured plate, which during sampling 
rests upon a copper dise (diameter 8.5 em.), completes the necessary modification 
of the *tfunnel for electrostatic precipitation of bacteria and fungus 
spores. The precipitating electrode is adjusted prior to sampling as closel 
possible to the medium without the production of a discharge. 


as 


*From the Department of Hygiene and Preventive Medicine, State University of Iowa. 
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The Mine Safety Appliances electrostatic precipitator was used to supply 
the necessary voltage. By attaching to the intake of this instrument a rubber 
hose connected to a suitable manometer, this instrument was modified to make 
both voltage and suction available in a portable unit. As preliminary experi- 
ments indicated an increased efficiency with an increase in voltage, maximum 
voltage as supplied by this unit was used in all readings (12,000 to 14,000 volts). 


Fig. 1.—A device for the electrostatic precipitation of bacteria and fungus spores upon culture 
plates. 


BACTERIAL SAMPLING EFFICIENCY 


Direct Comparison With Impingement.—A distilled water suspension of 
Serratia marcescens (B. prodigiosus) was sprayed into an experimental chamber 
by compressed air (25 pounds of pressure per square inch). <A large cireular fan 
was used for thirty seconds to produce a homogenous mixture of the test organ- 
ism with the air to be sampled. An additional thirty seconds was allowed for 
settling. Nutrient agar served as the culture medium. 

Readings were taken through two electrostatic devices until it was certain 
there was an equal sampling by each instrument. <A series of twenty readings 
was then taken comparing the sampling efficiency of instrument No. 1 (impinge- 
ment) with instrument No. 2 (impingement and electrostatic precipitation). 
The rate of air flow was maintained at one cubie foot per minute. In this series 
of readings from 50 to 100 times more bacteria were collected by combined 
impingement and electrostatic precipitation (Fig. 2). 

Additional readings showed no change in sampling efficiency by decreasing 
the rate of air flow to 0.5 cubie foot per minute. Humidity appeared to produce 
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no effect within the ranges studied (20 to 60 per cent relative humidity). 
The sampling efficiency was found to be independent of bacterial dosage. Read- 
ines of five minutes in length produced no noticeable change by the corona 
discharge, accompanying ozone, and possible acid formation* on the rate of 
bacterial growth or pigment formation of the test organism used. 


Fig. 2.—Simultaneous sample of Serratia marcescens. Left—impingement. Right—impingement 
With electrostatic precipitation. 

Efficiency in Series.—In this method the second instrument supposedly 
collects those bacteria not sampled by the first. It has been pointed out® that the 
results of this method of testing may be misleading. This is likely to be true 
when the instruments tested have a low efficiency for small particles, none of 
which may be collected, or in sampling for particles varying in size, in which 
case an undue per cent of the smaller particles as compared with the larger 
would be collected by the second sampling device. It was believed, however, 
that this method could be used in this instance as the size of the droplet nuclei 
would be fairly constant and it has been shown!’ that by electrostatic precipita- 
tion, the efficiency as compared with impingement tends to increase as the size 
of the particles decreases. 

A mean efficiency of 95 per cent was found in testing two samplers in 
series, both modified for electrostatic precipitation. The rate of air flow was 
maintained at one eubie foot per minute. 

Absolute Efficiency —A cotton bolus was tightly inserted into each end of 
a glass tube (7 inches in length, 1 inch in diameter). The tube was fitted with 
rubber stoppers and glass tubing such that the air could be drawn through 
this cotton filter. 

Air samples of an artificially contaminated atmosphere drawn directly 
through the filter indicated that, in spite of its high resistance, the air flow could 
be maintained at 0.5 cubie foot per minute, and that in all instances the second 
bolus (control) remained sterile upon incubation in 30 ¢.c. of meat infusion 
broth. 

Simultaneous readings with the filter and by electrostatic precipitation 
showed that even by mechanical shaking for thirty minutes of the cotton bolus 
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with broth and plating of this broth in known amounts, less than 50 per cent 
of the bacteria could be recovered. For this reason, in the further use of this 
filter, the first and second (control) cotton filters were simply incubated for 
growth. 

A series of twenty readings was taken with the air drawn first through the 
electrostatic sampler and then through the described filter. The bacterial dosage 
was maintained between 100 to 200 bacteria per cubie foot of air sampled. The 
cotton filters were removed and placed in 30 ¢.c. of broth and ineubated at 
room temperature for seven days. In all instances the control bolus remained 
sterile, and in three instances the first was also sterile. The sampling conditions 
previously described were held constant. It is therefore believed that under 
these sampling conditions absolute efficiency is approached. 

In connection with the laboratory testing of the efficiency of sampling 
instruments for droplet nuclei, it should be pointed out that important factors 
are the size of the droplets which are introduced into the testing chamber, and 
the amount of nonevaporable substances therein. It is obvious that differences 
in these respects may exist when the droplets are sprayed from broth cultures, 
saline suspensions, or distilled water suspensions. A priori, the distilled water 
suspension should yield the smallest particulate droplet nuclei. A direct com- 
parison with the results of Luckiesh, Holladay, and Taylor? is not therefore 
possible, as a broth suspension of the test organism was used in their experi- 
ments. 

In all of these experiments the test organism was positively charged. Vary- 
ing the charge did not have any apparent effect on the sampling efficiency when 
the test organism was suspended in a distilled water suspension. This result is 
in marked contrast to the findings of Luckiesh, Holladay and Taylor who re- 
port, that ‘‘when the artificially infected air (B. colt atomized into the air) from 
the infection chamber is sampled, the negative Petri dish catches only about 
one-tenth as many B. coli as the positive dish.”’ 

More readings under field conditions are necessary before any definite 
conclusions can be drawn as to the value of the electrostatic precipitation 
principle in the sampling of naturally air-borne bacteria. Although hemolytic 
streptococci and staphylococci have been recovered from the air in certain loca- 
tions by this method, further study is needed as to the possible effect of the 
corona discharge on these and other air-borne pathogens. : 


SPORE SAMPLING EFFICIENCY 


Two methods are commonly employed in making atmospherie mold surveys: 
first, the slide method, in which a petrolatum coated slide is exposed to the air 
for twenty-four hours and the spores per 1.8 square centimeters counted and 
identified; and, second, the culture plate method in which an uncovered Petri 
dish, containing suitable culture medium is exposed to the air for varying 
periods of time and after ineubation, the colonies counted and identified. 

Although there are advantages and disadvantages in each method, both 
depend upon impingement of the spore to the slide or media by lateral air 
currents and gravity.® In neither method is a volumetric determination possible. 
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The previously described experiments on bacteria were repeated with 
Penicillium spores. These spores as compared with spores encountered in mold 
surveys are fairly representative as to size (3 to 4 microns in diameter), their 
size is uniform, and they are easily grown and identified. A small portion of a 
Penicillium colony was transferred to a clean Petri dish. The spores were re- 
leased into the air of the test chamber by a jet of compressed air. Sabouraud’s 
culture plates were used as the test medium. 


Fig. 3.—Simultaneous sample of Penicillium spores. Left—impingement. Right—impingement 
with electrostatic precipitation. 


Fig. 4.—Growth of a single Penicillium colony on cotton filter. 


Approximately 25 to 30 times as many spores were recovered by combined 
electrostatic precipitation and impingement as compared with simple impinge- 
ment (Fig. 3). The electrostatic precipitation device tested in series gave a 
mean efficiency of 98 per cent. 
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The previously described cotton filter was used in sampling the exhaust 
air from an electrostatic sampler. By saturating the cotton bolus with 30 ¢.e. 
of meat infusion broth, it is believed most of the collected spores could be grown 
as shown in Fig. 4. As the spores appeared to be collected for the most part by 
the first half of the cotton bolus, this portion was ineubated uppermost. In a 
series of twenty readings by this method, the mean efficiency was found to be 
97 per cent. In five readings there was no visible growth of Penicillium colonies 
after seven days’ incubation. 

Obviously impingement by the culture plate method as used in these experi- 
ments is not a very efficient sampling method. An increased rate of air flow 
might result in some increase in efficiency by impingement. One would also 
expect an increased efficiency by impingement in sampling for larger spores. 
However, it may be shown that even when ragweed pollens are sampled by 
impingement to vaseline coated slides, there is an increase in efficiency by the 
addition, of electrostatic precipitation. 

Because of the comparatively low sampling efficiency by impingement, it 
would appear likely that the true incidence of air-borne fungus spores is much 
higher than the reported incidence when the sampling method used was the 
culture plate method. 

Although readings have been limited to Penicillium spores, under the test 
conditions indicated, it is believed that the portable instrument described offers 
a convenient means of sampling efficiently and volumetrically for air-borne 
fungus spores by the culture plate method. 


SUMMARY 


1. A portable electrostatic precipitator is deseribed for the volumetric 
sampling of air-borne bacteria and fungus spores. 

2. There is a very marked increase in the sampling efficieney by electrostatic 
precipitation as compared with impingement. 

3. On the basis of the experimental conditions cited, it is believed there is 
nearly a one hundred per cent sampling efficiency for both bacteria and fungus 
spores. 
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A DEVICE FOR THE ELECTROSTATIC PRECIPITATION OF POLLEN 
AND FUNGUS SPORES UPON A COUNTING SLIDE* 


Rouanp Rooks, PH.D., Iowa Crry, Iowa 


TUDIES utilizing the electrostatic precipitation method in sampling for 

pollen and fungus spores with slides have not apparently been reported. It 
is the purpose of this paper to describe methods using essentially the same in- 
strument that may be used to sample bacteria and fungus spores by the culture 
plate method, and to sample for pollen and fungus spores by the slide method 
by employing conducting surface slides.t In both of these methods the sampling 
ean be carried out by simple impingement or by impingement with electrostatic 
precipitation. The efficiency in all instances was found to be significantly in- 
creased by the addition of electrostatic precipitation. 

The previously deseribed electrostatic precipitator is easily modified for 
sampling by the slide method. A glass intake tube (28 em. in length, inside 
diameter 3 em.) is substituted for the funnel (Fig. 1). The precipitating 
electrode consists of a single platinum wire (No. 24 gauge) which is centered 
within the glass tube. This tube is set perpendicular and at a distance of 0.1 
em. from the glass slide. The precipitating electrode is adjusted so that it is 
as close to the slide as possible without the production of a discharge. Only 
a slight change in this distance makes a significant difference in the sampling 
efficiency. Too close an adjustment results in a discharge when maximum 
voltage is used, while at greater distances there is a loss in the sampling ef- 
ficiency. 

The collecting electrode consists of the special glass slide, which rests upon 
a small (0.5 square centimeter) copper rivet. An area equivalent to 1 square 
centimeter was marked upon the slide. In sampling, this slide area is exactly 
beneath the sampling tube. The square rivet is of value in making this neces- 
sary adjustment prior to sampling. A few strips of rubberized tape prevent 
a discharge from the precipitating electrode around the slide to this rivet. 

The Mine Safety Appliances electrostatic precipitator was used to supply 
the necessary voltage. The described sampler can be made completely portable 
by the use of this commercial precipitator for suction. A calibrated manometer 
is necessary to measure the rate of air flow. All readings were taken in terms of 
maximum voltage as supplied by this unit. 


POLLEN SAMPLING EFFICIENCY 


The comparative sampling efficiency was determined in terms of commercially 
collected ragweed pollen (Ambrosia trifida). Durham!’ has pointed out that 
‘‘while extreme moisture absorption may cause appreciable changes in the weight 
and volume of pollen grains, it is quite likely that free floating pollen usually 


*From the Department of Hygiene and Preventive Medicine, State University of Iowa. 
7The Sharp-Schurtz Company, Lancaster, Ohio. 
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contains little, if any, more moisture than commercially dried pollen.’’ The 
pollen was released from a Petri dish into the experimental chamber by a jet of 
compressed air. <A large circular fan provided a thorough mixing of the pollen 
The dosage was maintained at between 400 to 
500 pollen grains per cubie foot of sampled air. The rate of air flow in all read- 
ings was maintained at 0.5 eubie foot per minute. 
in counting, the pollen particles occurred singly as contrasted to the marked 
elumping that commonly occurs in the sampling of atmospherie pollen. 


Almost without exception 


, Not only were all pollen grains counted within the marked slide area 


TABLE I. DISTRIBUTION OF POLLEN GRANULES PER SLIDE AREA 


(1 square centimeter), but in addition, the pollen grains were counted in an 
area equivalent to 4 square centimeters. 
during counting so that it was then possible to classify the pollen grains aecord- 
ing to position on the slide as given in Table I. 

Simultaneous readings by impingement to white petrolatum coated slides 
were taken until it was certain there was an equal sampling (+5 per cent) by 


The location of the pollen was noted 


tation 


or 99% 


INNER TOTAL TOTAL 
SAMPLING METHOD ADHESIVE USED |0.25 SQ. CM. 1 SQ. CM. 4 SQ. CM. 
Impingement Petroleum jelly 81% 81 plus 16 97 plus 3 
or 97% or 100% 
Electrostatic precipi- Glycerine jelly 87% 87 plus 12 99 plus 1 


or 100% 
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each device. In all instances, the adhesive was applied with a gloss rod in as 
thin a layer as possible. Glycerine jelly was used as the adhesive with electro- 
static precipitation because of the high resistance of petroleum jelly. 

Ten minute samples by impingement indicated no differences in the ad- 
hesive qualities of petrolatum as compared with glycerine jelly. Therefore, in 
the additional readings such differences as were found must be due to the 
sampling method. 

A series of fifty readings was taken with the results given in Table I. The 
loeation of the pollen within the marked slide area (1 square centimeter) with 
both methods was striking, i.e., 97 per cent of the pollen granules collected by 
impingement fell within 1 square centimeter. There was a slightly greater 
localization effect shown by the electrostatic precipitation method and an in- 
crease of 31 per cent in the sampling efficiency. No attempt was made to deter- 
mine the absolute sampling efficiency of this method for ragweed pollen. 

The chief value of the electrostatic precipitation method in sampling for 
pollen is believed to be in the laboratory study of certam experimental problems 
and in ‘‘spot sampling’’ in varying locations. In tests for atmospheric pollen 
of any great length, neither the impingement nor the electrostatic method would 
appear useful; first, because of the difficulty that would result in counting, due 
to the high sampling efficiency of both methods for exceedingly small particles 
of dust and soot, a difficulty which would be increased with the electrostatic 
precipitation due to the greater observed sampling efficiency for such particles. 
Second, in long tests there would probably be produced a greater drying effect 
upon glycerine jelly as compared with petrolatum with a subsequent loss in 
sampling efficiency by the electrostatic precipitation method. 


FUNGUS SPORE SAMPLING EFFICIENCY 


Penicillium spores were released into the air of the experimental chamber 
by a jet of compressed air directed against a small portion of the colony. Si- 
multaneous readings up to ten minutes in length indicated no differences in the 
adhesive qualities of petroleum jelly as compared with glycerine jelly. As con- 
trasted with the pollen occurrence on the slide, approximately 50 per cent of the 
spores occurred in clumps of two or more. The sampling method did not appear 
to have any effect on this clumping. The dosage was maintained at the same level 
as in the sampling for pollen (400 to 500 fungus spores per cubic foot of 
sampled air). 

Simultaneous readings indicated 64 per cent more spores collected by the 
electrostatic method as compared with simple impingement. The localization 
of the spores per slide area was about the same as in the sampling of pollen 
(Table IT). 


TABLE II, DISTRIBUTION OF SPORES PER SLIDE AREA 


INNER TOTAL TOTAL 
SAMPLING METHOD ADHESIVE USED |0.25 SQ. CM. 1 sq. CM. 4 SQ. CM. 
Impingement Petroleum jelly 87% 87 plus 10 97 plus 3 
or 97% or 100% 
Electrostatie precipi- Glycerine jelly 90% 90 plus 9 99 plus 1 


tation or 99% or 100% 
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As it is believed that nearly a 100 per cent sampling efficiency is achieved 
by application of electrostatic precipitation to the culture plate method, further 
tests were carried out in series with this method. These tests show a sampling 
efficiency for Penicillium spores of 58 per cent by impingement and 92 per cent 
by electrostatic precipitation. However, a similar clumping effect must be pro- 
duced in the culture plate method. Therefore, the actual sampling efficiency 
of the slide method in both impingement and by electrostatic precipitation must 
be lower than here reported. 

Although a 100 per cent sampling efficiency is by no means reached by the 
application of electrostatic precipitation to the slide method, there is a marked 
increase in efficiency as compared with impingement under similar test con- 
ditions. As certain fungi cannot be grown on artificial media and are therefore 
missed by the culture plate method, while other spores are difficult to identify 
by the slide method, both of these sampling methods are necessary in making 
atmospheric mold surveys. It is believed these preliminary tests indicate that 
by the application of electrostatic precipitation to both the culture plate and 
slide methods, a new experimental approach is possible in approximating the 
true incidence of air-borne fungus spores. 


SUMMARY 


1. A portable electrostatic precipitator is described for the volumetric 
sampling of air-borne pollen and fungus spores by the slide method. 

2. With essentially the same instrument it is possible to determine the in- 
cidence of air-borne bacteria and fungus spores by the culture plate method. 

3. The electrostatic precipitation method in which special glass slides with 
conducting surfaces are used with the described instrument offers a convenient, 
efficient and new approach to certain experimental problems involving air-borne 
pollen and fungus spores. 
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SPECIFICATIONS RECOMMENDED AS GUIDES IN TILE 
COLLECTION AND PRESERVATION OF POLLENS 


Epirep By Mitton V. VELDEE, M.D.* 
1. Qualifications of the Pollen Collector.—The collector, or his immediate field super- 


visor, should have completed courses in college botany and plant taxonomy, or through prac- 
tical training have acquired equivalent botanical knowledge. 


2. Labeling the Dispensing Container.—The label on the final container should show 


the following: 


(a) The recognized botanical name for the plant involved. 
(b) The common name. 

(c) The amount of pollen in the dispensing container. 

(d) The year when the pollen was collected. 


(e) The name and address of the collector. 


3. Purity of the Pollen.— 

(a) Freedom from other pollens: Contamination with mixed pollens of other 
species should not exceed 1.0 per cent, or 0.5 per cent with a single pollen, as 
determined by microscopic count, except that when ragweed pollen is the con- 
taminant the amount of this pollen present shall not exceed 0.1 per cent. There 
are a few instances involving field-collected pollens when single-species pollens 
cannot be collected to meet these specifications because simultaneously pollinat- 
ing plants are growing in close proximity to each other. When unavoidable 
excessive contamination occurs due to this cause, the purchaser of the pollen 
should be informed. 

(b) Freedom from flower or other parts from the same species: The amount of 

extraneous plant material from the same species present in the pollen should 

not exceed 10 per cent for pollens obtained from those species which do not 
freely shed their pollens and not more than 5 per cent from free-shedding 
species. 


(c) Freedom from nonrelated contaminants: Pollen should be free of all con- 
taminants not related to the species of plant involved, such as leaves, dirt, 
and similar substances, An exception is recognized with those plants whose 
growing habits make contamination with dirt unavoidable; for example, 


creeping pigweed. 


*Chief, Biologics Control Laboratory, National Institute of Health, Bethesda, Maryland. 
Cooperating in the preparation of these specifications are the following individuals and groups: 
Representing the allergists: Committee of Therapy, The American Academy of Allergy; Sub- 
committee on Certification of Allergenic Extracts, American College of Allergists; and Doctors 
R. A. Cooke and R. F. E. Stier. Representing the pollen collectors: Wm. B. Hafford, Fred H. 
Hodgson, Guy Hollister, Cleveland Sharp, and T. R. Stemen. Representing research: A. Stull, 
R. P. Wodehouse, and J. T. Wright. 
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4. Stability of the Active Component of the Pollen.— 


(a) Freeing the pollen of any extrinsic moisture (due to weather conditions such 
as humidity, dew, or rain) should commence just as soon as possible after 
collection. A delay of more than twenty-four hours should not occur when 
pollens are collected in the field. When plant material is brought to the 
pollen-collecting shed to await the shedding of the pollen, it is interpreted 
that evaporation of extrinsic moisture takes care of itself but can be ae- 
celerated by proper ventilation and heating of the collecting room, 


(b) Drying the pollen to free it of intrinsic moisture (moisture naturally oc- 
curring in the pollen grain), while not as urgent as removing external moisture 
(section 4a), should nevertheless commence with a minimum of delay. With 
present methods of collecting and drying, this usually can be started within 
twenty-four hours of collecting the pollen in the field or after completion of 
shedding in the pollen-harvesting shed. It should never be delayed more than 
seven days with either method of collection. 


(¢) Freshly field-collected pollen from which extrinsic moisture has not been re- 
moved should be packed neither in a compact layer nor in a closed container. 
Similarly, freshly collected plant material from which pollen is to be 
separated upon arrival at the pollen-harvesting shed should be packed neither 
in compact layers nor in closed containers if the time required for transporta- 
tion to the harvesting shed is more than one, two, or three hours, the latter 
depending on the species of plant. A successful procedure is to place the 
plant material in thin layers in trays made of wire screening which are then 
stacked so as to allow the free circulation of air between the layers. 


(d) Once drying has been started to remove intrinsic moisture, it should proceed 
without interruption at not over 65° C, (117° F.) until the moisture content 
is less than 1.0 per cent; for practical purposes this means until no further 
loss of weight occurs. 


(e) The age of a pollen is indicated by placing the year of collection on the 
label. 


5. Type of Container.—For bulk storage each pollen should be placed immediately after 
removal from the drier in a clear glass container filled with a closure capable of 
excluding atmospheric moisture. Containers of equal quality should be used 
for the final packaging. 


6. Change of Color in the Dried Pollen.—Properly dried pollen when contained in an 
adequately sealed container does not undergo further color change. An 
exception exists with some of the Compositae, as for example goldenrod, where 
there is a progressive color change for one or two months after drying before a 
permanence of color is reached. 


7. Cooperation Between the User and Collector of Pollens.—The user of pollen for the 
preparation of allergenic extracts should estimate his needs so as to place orders with the 
collector in advance of the pollen season. This practice will make more certain the receipt 
of fresh pollen of good quality and in adequate supply. It is suggested that the user require 
the collector to certify that the stock supplied on order meets the specifications detailed 
here. A copy of these specifications might be enclosed with the order, with space provided 
for the collector‘s certification, and returned with the material. Another method would be 
for the manufacturing allergist to purchase pollens subject to meeting these specifications on 
receipt. 


is 
7 
« 
= 
af 
3 
4 

4 

a 


bo 
bo 


THE JOURNAL OF ALLERGY 


COMMENTS ON THE SPECIFICATIONS 


1. Qualifications of the Pollen Collector.—The collection of pollen, both as it relates to 
purity and the identification of each collection as to its correct botanical name, demands a 
certain training in botany. This is best obtained through proper academic training but could 
conceivably be obtained through practical experience in the field when acquired under com- 
petent supervision. 7 


2. Labeling the Dispensing Container.— 


(a) The Linnaean system of binominal nomenclature should be used in recording 
the botanical name. : 

-(b). When there is more than one common name, the one best understood by the 
allergist should be selected. 

» €¢) The amount of pollen in the container is preferably expressed in the metric 

system. 

(d) The age of the pollen should be made known to the allergist. This will con- 
tinue to be important until the factors which cause loss of antigenic activity 
-are known and can be eliminated. 


(e) The collector as used in this section means the primary distributor and does 
not refer to the particular individual who may have collected the pollen in the 
field. 


3. Purity of the Pollen.— 


(a) The contamination of a pollen with pollens of other species is objectionable 
because of the harmful effect it can have on the patient. If the amount of 
foreign pollen is sufficient, there is a real danger that the resulting extract will 
cause false reactions and lead to improper treatment of the patient. Pollens 
vary in their antigenie activity; ragweed being particularly active. 

(b) The contamination of a pollen with extraneous plant material from the same 

“species will not lead to deleterious reactions in the patient. However, its 
presence will reduce the antigenic strength of a finished allergenic extract 
and therefore is objectionable. 

(c) The presence of dirt and other nonpollen substances is a good index of the 
collector’s ability and professional standards. However, there are certain 
exceptions which must be recognized. The growth habits of some plants and 
the growing environment in certain instances make it very difficult, if not 
impossible, to collect the pollen without the admixture of dirt or soil. If this 
is made known to the producing allergist, corrections can be made at the time 
of preparing the extract. 


4; Stability of the Active Component of the, Pollen.—The factors which determine the 
stability of the allergenic component of a pollen are not fully established. However, it has 
been shown that storage without adequate drying speeds the rate of denaturation, and more 
particularly so if stored at relatively warm temperatures. Extrinsic moisture (due to 
humidity, dew, or rain) provides favorable conditions for fermentation and souring of the 
pollen due to the activity of contaminating microorganisms. Intrinsic moisture (moisture 
contained in the pollen) is necessary for enzymatic (chemical) activity within the pollen 
grain. These denaturing activities can be slowed, if not actually arrested, by storage at 
temperatures well below freezing or by the removal of the moisture to below the critical level 
for enzyme and microorganism activity. Storage in an oxygen-free atmosphere would be of 
benefit. The age of the pollen is probably of secondary significance, provided the moisture is 
promptly and adequately removed. 
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At the time of collection the pollen grains are living cells inside of which a certain 
amount of metabolic (enzymatic) activity is in progress. Intrinsic moisture is involved in 
this activity and may even be produced by being split off from other compounds during cellular 
metabolism. This intercellular activity has been termed respiration. The purpose of prompt 
drying (desiccation) is to arrest permanently this chemical activity. 

An ideally treated and packaged pollen would be one which has been dried to less than 
1.0 per cent moisture immediately after collection, followed by filling into final glass containers 
and then hermetically (flame) sealed under vacuo and stored at -20° C. These are require- 
ments which cannot be fulfilled easily since pollens are field grown and therefore must be 
collected where found. There is always the cost of production to be considered as well. How- 
ever, having in mind the essentials for an active pollen extract, it becomes possible to lay 
down collection and preservation procedures of a practical charaeter and which should add 
greatly to insuring the quality of the pollen. 

The construction specifications of a very satisfactory drier and its mode of operation 
have been described by Benesford and Cooke.* A drier of this design or one of similar design 
and operating principle can be constructed at relatively low cost and by a person with ordinary 
mechanical skill. A drier constructed on this principle must be thermostatically controlled 
and preferably time-controlled. With these safeguards drying may be accomplished without 
risk of damaging the allergenic activity. The drier is portable and therefore can be carried 
as field equipment on extended collection trips. 


Another method is to dry the pollen in a glass vacuum desiccator of the usual labora- 
tory type. This calls for phosphorus pentoxide (P,O,) as the desiccant and a source of 
vacuum, usually a water vacuum pump. When this method is used the operation is carried 
out at prevailing room temperature. The time interval beyond the minimum required to bring 
the moisture content below 1.0 per cent is not a factor since no test is applied. It is important 
that there should still be active phosphorus pentoxide exposed in the vacuum jar at the end 
of the drying interval. 

Experience will show the observant collector how long it takes to reduce the moisture 
content to less than 1.0 per cent. As a practical objective this should mean until there is no 
further loss of weight. In addition, any collector desiring to have his drying method inde- 
pendently checked may do so by submitting not less than a 1 Gm. sample of dried pollen in 
one of his final dispensing containers to the Biologie Control Laboratory.t The large 
users of pollens, who usually have facilities for making moisture determinations, probably 
also would be glad to report the moisture content of at least some of their pollen purchases 
if a report were requested by the collector. 


5. Type of Container.—In certain sections of the country the humidity is excessively 
high. Under such circumstances some collectors and users of pollen have found it advisable 
to provide their bulk storage containers with a desiccant. It may be placed in a specially 
constructed lid or contained in a suitable cloth bag and hung immediately under the lid. 
Still another method is to store the bulk pollen containers in a compartment provided with 
a well-fitted, weather-stripped door. Space within the compartment is provided for an open 
tray which is kept filled with a drying agent in active condition. 


6. Change of Color in the Dried Pollen.—When pollens are properly dried the color be- 
comes fixed. Progressive color change after drying is completed is an indication of chemical 
change within the pollen grains. This is likely to mean denaturation of the active principle. 
It should serve as a warning to the collector that his preserving methods are inadequate. 


7. Cooperation Between the ‘User and Collector of Pollens.—It is becoming increasingly 
evident that many factors are at play in determining the allergenic activity of a pollen used 
in an allergenic extract. The allergist should profit by the well-controlled experiences which 


*Benesford, A. B., and Cooke, R. A.: J. ALLERGY 15: 379, 1944. 
7National Institute of Health, Bethesda, Md. 
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the pharmacologist has had with digitalis leaves. In this instance, it has been well established 
that the geographic area, the character of the soil, the amount of moisture during the growing 
season, the variety of the plant, the time of harvesting the leaves, and the method employed 
in their curing largely determine the therapeuite activity of the finished preparation. Without 
question these same factors are at play with the pollens. The probability of controlling the 
growing conditions for each pollen is remote. It seems nearly as remote that methods for the 
accurate biologic assay of a pollen extract can be developed in the immediate future, though 
the study by Wodehouse* indicates some progress. However, much can be accomplished by a 
closer cooperation and better understanding between the manufacturing allergist and the 
pollen collector. The acceptance of these specifications of quality for the pollens will greatly 
improve the therapeuite activity of the finished extract. The collector should welcome these 
specifications as a code of operation for the pollen-collecting industry. As a corollary, the 
manufacturing allergist should be willing to accept the probable small increase in cost in- 
volved in collecting and preserving pollens in this way. 


*Wodehouse, R. P.: Ann. Allergy 5: 203, 1947. 
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